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(54) Display including a plurality of display panels 



(57) A display allowing further miniaturization when 
including a plurality of display panels is obtained. This 
display comprises a first display panel (1.51.81,161. 
202,252.302.362.372) formed on a substrate (11 .61 .91 , 
121,201,251.301,351,361,371) and a second display 
panel (2.52.82.162.203,253,303.363,373) formed on 



the same substrate (11,61,91,121,201,251,301,351, 
361 ,371 ) on a region different from that formed with the 
first display panel. Thus, the display can be further min- 
iaturized as compared with that having a first display 
panel and a second display panel formed on different 
substrates. 
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Description 

[0001] The present invention relates to a display, and 
more particularly, it relates to a display including a plu- 
rality of display panels. 

[0002] A portable display employed as the display 
panel of a portable telephone or the like is known in gen- 
eral. A folding portable telephone or the like Including 
two display panels, i.e., a main panel and a sub panel, 
is also known in general. 

[0003] Figs. 23 and 24 are perspective views showing 
the folding portable telephone 400 including two liquid 
crystal display panels, i.e., a main panel 401 and a sub 
panel 402. Referring to Figs. 23 and 24, the convention- 
al folding portable telephone 400 is constituted of a dis- 
play part 400a and an operation part 400b. The display 
part 400a includes the main panel 401 provided on the 
surface closer to the operation part 400b and the sub 
panel 402 provided on the surface opposite to the oper- 
ation part 400b. When the portable telephone 400 is not 
used, the display part 400a Is folded toward the opera- 
tion part 400b as shown in Fig. 23. In this folded state, 
the sub panel 402 displays time information or the like. 
When the portable telephone 400 is used, the display 
part 400a is opened along arrow in Fig. 23 and brought 
into the state shown in Fig. 24. In this state, the main 
panel 401 displays a telephone number, a dynamic im- 
age or the like, 

[0004] The housing of the aforementioned portable 
telephone 400 is inconveniently increased in size due 
to the main panel 401 and the sub panel 402 mounted 
thereon independently of each other. Therefore, the 
portable telephone 400 is hard to miniaturize. 
[0005] In relation to a portable apparatus such as the 
portable telephone 400 including a main panel and a sub 
panel, therefore, there is proposed a technique of ar- 
ranging the main panel and the sub panel above and 
under a backlight thereby sharing the backlight by the 
main panel and the sub panel. Thus, the housing of the 
portable apparatus can be miniaturized due to the 
shared backlight. 

[0006] A liquid crystal display used for the portable ap- 
paratus must be further miniaturized in response to par- 
ticularly strong requirement for miniaturization. In the 
aforementioned technique of sharing the backlight, 
however, the main panel and the sub panel themselves 
are mounted independently of each other, and hence 
miniaturization of the liquid crystal display is limited. 
Consequently, it is difficult to further miniaturize the liq- 
uid crystal display according to the aforementioned 
technique of sharing the backlight. 
[0007] In the aforementioned technique of sharing the 
backlight, further, the main panel and the sub panel 
themselves are mounted independently of each other, 
and hence it is difficult to further reduce the number of 
components and further simplify assembling steps. 
Consequently, it is also difficult to further reduce the 
component cost as welt as the device cost. 



[0008] The present invention provides a display allow- 
ing further miniaturization when including a plurality of 
display panels. 

[0009] A display according to a first aspect of the 
s present invention comprises a first display panel formed 
on a substrate and a second display panel formed on 
the same substrate in a region different from the region 
formed with the first display panel. 
[0010] As hereinabove described, the display accord- 
ing to the first aspect is provided with the first display 
panel and the second display panel on different regions 
of the same substrate, whereby the display can be fur- 
ther, miniaturized as compared with that having a first 
display panel and a second display panel formed on dif- 
ferent substrates. Further, the first display panel and the 
second display panel are so provided on the same sub- 
strate that the display requires only a single substrate 
and a peripheral circuit can be shared, whereby the 
number of components can be further reduced. In addi- 
tion, the first display panel and the second display panel 
are so provided on the same substrate that assembling 
steps can be further simplified as compared with a case 
of forming the first display panel and the second display 
panel on different substrates. The component cost as 
well as the device cost can be further reduced due to 
such reduction of the number of components and sim- 
plification of the assembling steps. 
[0011] A display according to a second aspect of the 
present invention comprises a first display panel formed 
on a substrate, a second display panel formed on the 
same substrate in a region different from the region 
formed with the first display panel and a shift register 
shared by the first display panel and the second display 
panel. 

[0012] According to the second aspect, as herein- 
above described, the first display panel and the second 
display panel are fornied on different regions of the 
same substrate to share the shift register, whereby the 
display can be further miniaturized as compared with 
that having a first display panel and a second display 
panel formed on different substrates. Further, the first 
display panel and the second display panel share the 
substrate and the shift register, whereby the number of 
components can be further reduced and assembling 
steps can be further simplified. Thus, the component 
cost as well as the device cost can be further reduced. 
[0013] A display according to a third aspect of the 
present invention comprises a first display panel formed 
on a substrate, a second display panel formed on the 
same substrate in a region different from the region 
formed with the first display panel, and a drain line and 
a gate line arranged to intersect with each other, while 
either the drain line or the gate line continuously extends 
from the first display panel to the second display panel. 
[0014] According to the third aspect, as hereinabove 
described, either the drain line or the gate line is formed 
to continuously extend from the first display panel to the 
second display panel, whereby the number of either 
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gate lines or drain lines can be so reduced that power 
consumption can be reduced and a narrow frame can 
be obtained. 

[0015] A display according to a fourth aspect of the 
present invention comprises a first display panel fonned 
on a substrate, a second display panel formed on the 
same substrate in a region different from the region 
formed with the first display panel, a drain line and a 
gate line arranged on the substrate to intersect with 
each other and a static memory built In the second dis- 
play panel for holding a signal from the drain line in re- 
sponse to a signal input from the gate line. 
[0016] According to the fourth aspect, as hereinabove 
described, the first display panel and the second display 
panel are fomied on different regions of the same sub- 
strate, whereby the display can be further miniaturized 
as compared with that having a first display panel and 
a second display panel formed on different substrates. 
Further, the first display panel and the second display 
panel share the substrate, whereby the number of com- 
ponents can be further reduced and assembling steps 
can be further simplified. Thus, the component cost as 
well as the device cost can be further reduced. Further, 
the static memory for holding a signal is so built in the 
second display panel as to hold the signal, whereby in- 
formation on the second display panel may hardly be 
rewritten. Thus, a signal line driving circuit for scanning 
the gate line and the drain line can be shut down up to 
subsequent change of display contents on the second 
display panel when only the second display panel is 
used, whereby power consumption can be reduced. 
[0017] A display according to a fifth aspect of the 
present invention comprises a first display panel formed 
on a substrate so that a signal is scanned at a first scan- 
ning frequency and a second display panel formed on 
the same substrate in a region different from the region 
formed with the first display panel so that a signal is 
scanned at a second scanning frequency different from 
the first scanning frequency. 

[0018] According to the fifth aspect, as hereinabove 
described, the first display panel and the second display 
panel are formed on different regions of the same sub- 
strate, whereby the display can be further miniaturized 
as compared with that having a first display panel and 
a second display panel formed on different substrates. 
Further, the first display panel and the second display 
panel share the substrate, whereby the number of com- 
ponents can be further reduced and assembling steps 
can be further simplified. Thus, the component cost as 
well as the device cost can be further reduced. In addi- 
tion, the first and second scanning frequencies for the 
first display panel and the second display panel are ren- 
dered different from each other, whereby the first scan- 
ning frequency for the first display panel can be ren- 
dered larger than the second scanning frequency for the 
second display panel when the first display panel re- 
quires a large number of rewriting times for displaying 
dynamic images or the like while the second display 



panel requires no large number of rewriting times for dis- 
playing still images or the Wke, for example. 
[0019] The foregoing and other features, aspects and 
advantages of the present invention will become more 
s apparent from the following detailed description of the 
present invention when taken in conjunction with the ac- 
companying drawings. 
[0020] In the Drawings: 



10 Fig. 1 is a plan view showing a liquid crystal display 
including a main panel and a sub panel according 
to a first embodiment of the present invention; 
Fig. 2 is a sectional view showing the liquid crystal 
display according to the first embodiment shown in 

IS Fig. 1; 

Fig. 3 is a sectional view showing a liquid crystal 
display including a main panel and a sub panel ac- 
cording to a modification of the first embodiment of 
the present invention; 

20 Fig. 4 Is a sectional view showing a liquid crystal 
display Including a main panel and a sub panel ac- 
cording to a second embodiment of the present in- 
vention; 

Fig. 5 is a sectional view showing a liquid crystal 
25 display Including a main panel and a sub panel ac- 
cording to a third embodiment of the present inven- 
tion; 

Fig. 6 is a sectional view showing a liquid crystal 
display including a main panel and a sub panel ac- 
30 cording to a fourth embodiment of the present in- 
vention; 

Figs. 7 and 8 are perspective views showing an ex- 
emplary portable telephone including the single- 
sided liquid crystal display according to the fourth 

35 embodiment shown in Fig. 6; 

Figs. 9 and 10 are perspective views showing an- 
other exemplary portable telephone including the 
single-sided liquid crystal display according to the 
fourth embodiment shown In Fig. 6; 

40 Fig. 1 1 is a plan view showing a liquid crystal display 
Including a main panel and a sub panel according 
to a fifth embodiment of the present invention; 
Fig. 12 Is a circuit diagram showing the internal 
structure of a portion around a V shift register of the 

45 liquid crystal display according to the fifth embodi- 
ment shown in Fig, 11; 

Fig. 13 Is a timing chart for Illustrating a method of 

driving the V shift register of the liquid crystal display 
according to the fifth embodiment shown in Fig. 12; 

50 Fig. 1 4 is a plan view showing a liquid crystal display 
including a main panel and a sub panel according 
to a sixth embodiment of the present invention; 
Fig. 1 5 is a plan view showing a liquid crystal display 
including a main panel and a sub panel according 

55 to a seventh embodiment of the present invention; 
Fig. 16 is a waveform diagram in a case of perform- 
ing common electrode AC driving on the main panel 
of the liquid crystal display according to the seventh 
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embodiment shown in Fig. 15; 
Fig. 17 is a wavefomri diagram in a case of perform- 
ing common electrode AC driving on the sub panel 
of the liquid crystal display according to the seventh 
embodiment shown in Fig. 15; 
Fig, 18 is a circuit diagram showing the internal 
structure of a portion around a V shift register of the 
liquid crystal display according to the seventh em- 
bodiment shown in Fig. 15; 
Fig. 1 9 Is a plan view showing a liquid crystal display 
including a main panel and a sub panel according 
to an eighth embodiment of the present invention; 
Fig. 20 Is a circuit diagram showing a negative volt- 
age supply shutdown circuit of the liquid crystal dis- 
play according to the eighth embodiment shown in 
Fig. 19 in detail; 

Fig. 21 is a plan view showing a liquid crystal display 
including a main panel and a sub panel according 
to a ninth embodiment of the present invention; 
Fig. 22 is a plan view showing a liquid crystal display 
including a main panel and a sub panel according 
to a tenth embodiment of the present invention; and 
Figs. 23 and 24 are perspective views showing a 
conventional folding portable telephone including a 
main panel and a sub panel. 

[0021] Embodiments of the present invention are now 
described with reference to the drawings. 

(First Embodiment) 

[0022] A liquid crystal display according to a first em- 
bodiment of the present invention Is described with ref- 
erence to Figs. 1 and 2. According to the first embodi- 
ment, a main panel 1 and a sub panel 2 are formed on 
different regions of a first glass substrate 11. A periph- 
eral circuit 3 Is an'anged around the main panel 1 and 
the sub panel 2. An external connection terminal 4 is 
provided on an end of the first glass substrate 11 , 
[0023] In the liquid crystal display according to the first 
embodiment, the main panel 1 is a transmissive panel 
whose display is observed by an observer 50 from the 
side of the first glass substrate 11 and the sub panel 2 
is a reflective panel whose display is observed by the 
observer 50 from the side of a second glass substrate 
22, as shown in Fig. 2. The first glass substrate 11 is an 
example of the "substrate" or the "first substrate" in the 
present invention, and the second glass substrate 22 is 
an example of the "second substrate" in the present in- 
vention. The main panel 1 is an example of the "first dis- 
play panel" or the "main display panel" in the present 
invention, and the sub panel 2 is an example of the 'sec- 
ond display panel" or the "auxiliary display panel" in the 
present Invention. Each of the main panel 1 and the sub 
panel 2 is an active matrix panel having a plurality of 
pixels and including a TFT (thin-layer transistor) every 
pixel. 

[0024] The sectional structure of the liquid crystal dis- 



play according to the first embodiment shown in Fig. 1 
is described with reference to Fig. 2. In the liquid crystal 
display according to the first embodiment, an insulating 
layer 1 2 consisting of a laminated layer of Si02 and SiNx 
5 is fornied on the first glass substrate 1 1 . P-Si layers 1 3 
islanded at prescribed intervals are formed on regions 
of the insulating layer 12 formed with the main panel 1 
and the sub panel 2 respectively. 
- [0025] A source region 1 3a and a drain region 1 3b are 
10 formed on each p-Si layer 13 to hold a channel region 
13c therebetween. A gate electrode 15 is formed on the 
channel region 13c through a gate insulating layer 14. 
The source region 13a, the drain region 13b, the chan- 
nel region 13c, the gate insulating layer 14 and the gate 
electrode 15 constitute a potycrystalline silicon thin-lay- 
er transistor (hereinafter referred to as a p-Si TFT) serv- 
ing as a pixel driving transistor. The p-Si TFT advanta- 
geously has larger mobility and larger drivability as com- 
pared with a TFT employing an amorphous silicon layer 
for an active layer. Therefore, a high-performance liquid 
crystal display can be implemented with p-SI TFTs. 
[0026] An interiayer insulating layer 16 is formed to 
cover the p-SI TFTs and the gate insulating layers 14. 
Drain electrodes 17 are formed to be electrically con- 
nected to the drain regions 13b through contact holes 
16c of the interiayer insulating layer 16 while extending 
along the upper surface of the interiayer insulating layer 
16. A planarizing layer 18 is formed to cover the Inter- 
iayer insulating layer 16 and the drain electrodes 17. On 
the region formed with the main panel 1, transparent 
electrodes 19 are fomied to be electrically connected to 
the source regions 13a through contact holes 16a and 
18a provided in the interiayer Insulating layer 1 6 and the 
planarizing layer 18 respectively while extending along 
the upper surface of the planarizing layer 18. These 
transparent electrodes 19 consist of transparent con- 
ductive layers such as ITO (Indium tin oxide) layers, and 
constitute pixel electrodes of the main panel 1 . 
[0027] On the region formed with the sub panel 2, re- 
flective electrodes 20 are fomried to be electrically con- 
nected to the source regions 1 3a through contact holes 
16b and 18b provided In the interiayer insulating layer 
16 and the planarizing layer 18 while extending along 
the upper surface of the planarizing layer 18. These re- 
flective electrodes 20 are made of a material such as 
A1 having high reflectance. Transparent electrodes 19a 
consisting of transparent conductive layers such as ITO 
layers are formed on the upper surfaces of the reflective 
electrodes 20. The reflective electrodes 20 and the 
transparent electrodes 19a constitute pixel electrodes 
of the sub panel 2. An alignment layer 21 consisting of 
polyimlde or the like is formed on the transparent elec- 
trodes 19 of the main panel 1, the reflective electrodes 
20 and the transparent electrodes 19a of the sub panel 
2 and the planarizing layer 18. 
[0028] A color Alter 23 presenting three colors of red 
(R), green (G) and blue (B) is formed on the second 
glass substrate 22. A common electrode 24a, consisting 
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of a transparent conductive layer such as an ITO layer 
and having a thickness of about 80 nm to about 100 nm, 
for the main panel 1 Is formed on a region of the color 
filter 23 formed with the main panel 1 . A common elec- 
trode 24b, consisting of a transparent conductive layer 
such as an ITO layer and having a thickness of about 
80 nm to about 100 nm. for the sub panel 2 is formed 
on a region of the color filter 23 fonned with the sub pan- 
el 2. The common electrodes 24a and 24b for the main 
panel 1 and the sub panel 2 are formed to be electrically 
Isolated from each other at a prescribed interval. The 
common electrodes 24a and 24b are examples of the 
"first common electrode" and the "second common elec- 
trode" in the present Invention respectively. 
[0029] An alignment layer 25 consisting of polyimide 
or the like is formed on the common electrodes 24a and 
24b. The clearance between the alignment layers 21 
and 25 formed on the first and second glass substrates 
21 and 22 respectively is filled up with liquid crystals 26. 
[0030] A backlight unit 30 is arranged on the rear sur- 
face of the second glass substrate 22. This backlight unit 
30 includes a cold cathode fluorescent tube 31 , a reflec- 
tor 32 consisting of a metal and a light guide plate 33 
consisting of acrylic. A region of the reflector 32 corre- 
sponding to the sub panel 2 is in an open state. Thus, 
light emitted from the backlight unit 30 is incident not 
only on the main panel 1 but also on the sub panel 2. In 
other words, the main panel 1 and the sub panel 2 share 
the backlight unit 30. Thus, the high-priced cold cathode 
fluorescent tube 31 is so sharable that the cost for a light 
source can be reduced. When exclusively used in the 
daytime, the reflective sub panel 2 reflects external light 
for making display. 

[0031] In the main panel 1 , the light emitted from the 
backlight unit 30 is incident from the side of the second 
glass substrate 22. passes through the liquid crystals 
26 and the first glass substrate 11. Thus, the observer 
50 observes the display on the main panel 1 from the 
side of the first glass substrate 11. In the sub panel 2, 
on the other hand, the light emitted from the backlight 
unit 30 or the external light is incident from the side of 
the second glass substrate 22. passes through the liquid 
crystals 26 and is reflected by the reflective electrodes 
20 toward the second glass substrate 22. Thus, the ob- 
server 50 observes the display on the sub panel 2 from 
the side of the second glass substrate 22. 
[0032] According to the first embodiment, as herein- 
above described, the main panel 1 and the sub pane! 2 
are so provided on the same first glass substrate 11 that 
the liquid crystal display can be further miniaturized as 
compared with that having a main panel and a sub panel 
formed on different substrates. The peripheral circuit 3 
is so sharable with the main panel 1 and the sub panel 
2 that the number of components can be reduced. In 
addition, assembling steps can be further simplified as 
compared with a case of forming the main panel 1 and 
the sub panel 2 on different substrates. The component 
cost as well as the device cost can be further reduced 



due to such reduction of the number of components and 
simplification of the assembling steps. 
[0033] According to the first embodiment, further, dis- 
play of the transmissive main panel 1 and that of the 
5 reflective sub panel 2 can be made on one and the other 
surfaces of a single liquid crystal display panel respec- 
tively. In this case, the main panel 1 displaying dynamic 
images or the like must be improved in picture quality. 
According to the first embodiment, the transmissive 
10 main panel 1 employing the backlight unit 30 as the light 
source can be improved in picture quality. On the other 
hand, the sub panel 2 displaying time or the like may not 
be much improved in picture quality but must be reduced 
in power consumption. According to the first embodi- 
ment, the reflective sub panel 2 requiring no light source 
in the daytime can be reduced in power consumption. 
When this liquid crystal display is applied to a portable 
apparatus such as a portable telephone, the life of a bat- 
tery can be prolonged. 

[0034] According to the first embodiment, in addition, 
the common electrodes 24a and 24b for the main panel 
1 and the sub panel 2 are so electrically isolated from 
each other that a voltage can be applied to only an ex- 
clusively used one of the main panel 1 and the sub panel 
2. Thus, the power can be saved. 
[0035] According to the first embodiment, further, the 
transparent electrodes 19a are formed on the reflective 
electrodes 20 in the region formed with the sub panel 2 
so that the upper surfaces of the transparent electrodes 
19a as the pixel electrode contacts with the liquid crys- 
tals 26, Thus, characteristics with respect to the liquid 
crystals 26 can be improved as compared with a case 
that the upper surfaces of the reflective electrodes 20 
as the pixel electrode contacts with the liquid crystals 
26. Consequently, the liquid crystals 26 can be Inhibited 
from deterioration resulting from formation of the reflec- 
tive electrodes 20. 

[0036] The aforementioned liquid crystal display ac- 
cording to the first embodiment is particularly preferably 
employed as a liquid crystal display for a portable tele- 
phone. 

[0037] Fig. 3 shows a liquid crystal display according 
to a modification of the first embodiment. The liquid crys- 
tal display according to this modification employs an 
LEO light source, dissimilarly to that according to the 
first embodiment shown In Fig. 1 . The remaining struc- 
ture of the liquid crystal display according to this modi- 
fication is similar to that of the aforementioned liquid 
crystal display according to the first embodiment. Ac- 
cording to the modification of the first embodiment, an 
LED 41 is set on an end of a region, formed with a main 
panel 1 , of the rear surface of a second glass substrate 
22. A light guide plate 43 is arranged on a region of the 
rear surface of the second glass substrate 22 formed 
with the main panel 1 and a sub panel 2. Further, a re- 
flector 42 is set on a region of the rear surface of the 
second glass substrate 22 formed with the main panel 
1 and an end of the region formed with the sub panel 2 
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respectively. According to the modification of the first 
embodiment, luminance and power consumption can be 
adjusted by controlling a current passing through the 
LED 41. 

(Second Embodiment) 

[0038] According to a second embodiment of the 
present invention^ a main panel is observed from a side 
of one substrate formed with TFTs while a reflection sub 
panel is observed from a side of other substrate in a liq- 
uid crystal display, dissimilarly to the aforementioned 
first embodiments. Portions of the second embodiment 
different from the aforementioned first embodiment are 
now described In detail with reference to Fig. 4. 
[0039] In the liquid crystal display according to the 
second embodiment, the main panel 51 and the sub 
panel 52 are formed on the same first glass substrate 
61 as the first embodiment. The main panel 51 is a trans- 
missive panel whose display is observed by an observer 
50 from the side of the second glass substrate 72, and 
the sub panel 52 is a reflective panel whose display is 
observed by the observer 50 from the side of the first 
glass substrate 61 . The first glass substrate 61 is an ex- 
ample of the "substrate" or the "first substrate" in the 
present invention, and the second glass substrate 72 is 
an example of the "second substrate" in the present in- 
vention. The main panel 51 is an example of the "first 
display panel" or the "main display panel" in the present 
invention, and the sub panel 52 is an example of the 
"second display panel" or the "auxiliary display panel" 
in the present invention. 

[0040] The first glass substrate 61 , an insulating layer 
62, p-Si layers 63 including source regions 63a, drain 
regions 63b and channel regions 63c, gate insulating 
layers 64. gate electrodes 65, an interlayer insulating 
layer 66 having contact holes 66a and 66b. drain elec- 
trodes 67 and a planarizing layer 68 having contact 
holes 68a are similar in structure to the aforementioned 
first embodiment respectively. Transparent electrodes 
69 are formed to be electrically connected to the source 
regions 63a through the contact holes 68a and 66a pro- 
vided in the planarizing layer 68 and the interlayer Insu- 
lating layer 66 respectively while extending along the 
upper surface of the planarizing layer 68. These trans- 
parent electrodes 69 are provided on both regions 
formed with the main panel 51 and the sub panel 52 re- 
spectively. Further, the transparent electrodes 69 con- 
sist of transparent conductive layers such as ITO layers 
or the like, and constitute pixel electrodes of the main 
panel 51 and the sub panel 52. An alignment layer 70 
consisting of polyimide or the like Is formed on the trans- 
parent electrodes 69 and the planarizing layer 68. 
[0041] The second glass substrate 72, a color filter 
73, common electrodes 74a and 74b, an alignment layer 
75 and liquid crystals 76 are also similar in structure to 
the aforementioned first embodiment respectively. The 
common electrodes 74a and 74b are examples of the 



"first common electrode" and the "second common elec- 
trode" in the present invention respectively. 
[0042] According to the second embodiment, a reflec- 
tive layer 71 consisting of a material such as A1 having 

5 high reflectance and having a thickness of about 80 nm 
to about 100 nm is fomied on the rear surface of the 
second glass substrate 72. This reflective layer 71 re- 
flects light incident upon the sub panel 52. 
[0043] A backlight unit 80 including a cold cathode flu- 

10 orescent tube 80a, a reflector 80b and a light guide plate 
80c are an'anged on the rear surface of the first glass 
substrate 61 . Thus, light emitted from the backlight unit 
80 is incident upon the main pane! 51 from the side of 
the first glass substrate 61 , passes through the liquid 

15 crystals 76 and the second glass substrate 72. There- 
fore, the observer 50 observes the display on the main 
panel 51 from the side of the second glass substrate 72. 
In the sub panel 52, on the other hand, the light emitted 
from the backlight unit 80 or external light is Incident 

20 from the side of the first glass substrate 61, passes 
through the liquid crystals 76 and is reflected by the re- 
flective layer 71 toward the first glass substrate 61. 
Thus, the observer 50 observes the display on the sub 
panel 52 from the side of the first glass substrate 61. 

25 [0044] According to the second embodiment, as here- 
inabove described, the reflective layer 71 provided on 
the rear surface of the second glass substrate 72 on the 
region formed with the sub panel 52 can reflect the light 
incident through the first glass substrate 61 to pass 

30 through the liquid crystals 76, whereby the reflective sub 
panel 52 can be so easily formed that the display thereof 
is observable from the side of the first glass substrate 
61 . The reflective sub panel 52 is so combined with the 
transmissive main panel 51 whose display is observable 

35 from the side of the second glass substrate 72 that a 
double-sided liquid crystal display can be easily ob- 
tained. 

[0045] According to the second embodiment, further, 
the transparent electrodes 69 fomi the pixel electrodes 

^0 of the main panel 51 and the sub panel 52 so that the 
pixel electrodes of the main panel 51 and the sub panel 
52 can be formed through the same process, whereby 
the manufacturing process can be simplified. 
[0046] Effects of the second embodiment attained 

45 through the similar structure or method as that in the first 
embodiment are similar to those of the aforementioned 
first embodiment. 

(Third Embodiment) 

50 

[0047] According to a third embodiment of the present 
invention, a main panel is formed by a transflectlve pan- 
el and a sub panel is formed by a reflective panel in a 
liquid crystal display, dissimilarly to the aforementioned 
55 first and second embodiments. Portions of the third em- 
bodiment different from the aforementioned embodi- 
ments are now described in detail with reference to Fig. 
5. 
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[0048] In the liquid crystal display according to the 
third embodiment, the main panel 81 and the sub panel 
82 are formed on the same first glass substrate 91 . The 
main panel 81 is a transflective panel whose display is 
observed by an observer 50 from the side of a second 
glass substrate 102, and the sub panel 82 is a reflective 
panel whose display Is observed by the observer 50 
from the side of the first glass substrate 91 . The first 
glass substrate 91 is an example of the "substrate" or 
the "first substrate" In the present invention, and the sec- 
ond glass substrate 102 is an example of the "second 
substrate" in the present invention. The main panel 81 
is an example of the "first display panel" or the "main 
display panel" in the present Invention, and the sub pan- 
el 82 is an example of the "second display panel" or the 
"auxiliary display panel" in the present invention, 
[0049] The first glass substrate 91 , an insulating layer 
92, p-SI layers 93 including source regions 93a, drain 
regions 93b and channel regions 93c, gate Insulating 
layers 94, gate electrodes 95, an interlayer Insulating 
layer 96 having contact holes 96a to 96c and drain elec- 
trodes 97 are similar in structure to the aforementioned 
first embodiment respectively, 
[0050] A planarlzing layer 98 having contact holes 
98a and 98b and concave portions 98c is formed to cov- 
er the drain electrodes 97 and the interlayer insulating 
layer 96. Further, reflective electrodes 99 are formed on 
the region formed with the main panel 81 to be electri- 
cally connected to the source regions 93a through the 
contact holes 98a and 96a provided In the planarlzing 
layer 98 and the Interlayer insulating layer 96 respec- 
tively while extending along the upper surface of the 
planarlzing layer 98. These reflective electrodes 99 are 
made of A1 or the like, and constitute reflective regions 
of the transflective main panel 81. Transparent elec- 
trodes 100a consisting of transparent conductive layers 
such as ITO layers are formed on the upper surfaces of 
the reflective electrodes 99 and the concave portions 
98c of the planarizing layer 98. The regions formed with 
the transparent electrodes 100a on the concave por- 
tions 98c constitute transmisslve regions of the trans- 
flective main panel 81. The reflective electrodes 99 and 
the transparent electrodes 100a constitute pixel elec- 
trodes of the main panel 81. 

[0051] Transparent electrodes 100 consisting of 
transparent conductive layers such as ITO layers are 
formed on the region formed with the sub panel 82 sim- 
ilarly to the first embodiment, to constitute pixel elec- 
trodes of the sub panel 82. 

[0052] A reflective layer 107 consisting of a material 
such as A1 having high reflectance and having a thick- 
ness of about 80 nm to about 100 nm is formed on the 
region of the second glass substrate 102 formed with 
the sub panel 82. This reflective layer 1 07 is so provided 
as to reflect light incident upon the sub panel 82. A color 
filter 103 is formed on the reflective layer 107 provided 
on the region formed with the sub panel 82 and on the 
region of the glass substrate 102 formed with the main 



panel 81. 

[0053] This color filter 103 includes black matrices 
(black regions) 1 03 which are black portions formed be- 
tween pixels, pate red regions 103b, a deep red region 

5 103c, pale green regions 103d, a deep green region 
103e. a pale blue region 103f and a deep blue region 
103g. One of the pale red regions 103b, one of the pale 
green regions 103d. and the pale blue region 103f are 
formed on regions oon^esponding to the reflective re- 

fo gions of the main panel 81 . The deep red region 103c, 
the deep green region 103e and the deep blue region 
103g are formed on regions con*esponding to the con- 
cave portions 98c of the planarizing layer 98 constituting 
the transmisslve regions of the main panel 81 . The other 

15 pale red region 103b, the other pale green region 103d 
and another pale blue region 103f (not shown) are 
formed on regions corresponding to the transparent 
electrodes 100 of the reflective sub panel 82. 
[0054] In the region formed with the transflective main 

20 panel 81 according to the third embodiment, the colors 
of the regions corresponding to the reflective regions 
than those of the regions corresponding to the transmis- 
slve regions in the color filter 103 for the following rea- 
son: Light passes through the color filter 1 03 twice In the 

25 reflective regions while only once in the transmisslve re- 
gions, and hence display on the reflective regions ex- 
hibits deeper colors than display on the transmisslve re- 
gions. In order to set the display on the reflective regions 
and that on the transmisslve regions to similar levels of 

30 color depth, therefore, the regions corresponding to the 
reflective regions are paled and those corresponding to 
the transmisslve regions are deepened in the color filter 
103. 

[0055] Common electrodes 1 04a and 1 04b according 

35 to the third embodiment are similar in structure to com- 
monthe first embodiment respectively. The common 
electrodes 104a and 104b are examples of the "first 
common electrode" and the "second common elec- 
trode" in the present invention respectively. 

40 [0056] An alignment layer 1 05 consisting of polyimide 
or the like Is formed on the common electrodes 104a 
and 104b. A clearance between the alignment layers 
1 02 and 1 01 provided on the second and first glass sub- 
strates 102 and 91 respectively is filled up with liquid 

45 crystals 106. According to the third embodiment, the 
concave portions 98c are so formed in the planarizing 
layer 98 that the thickness x^ of portions of the liquid 
crystals 106 located on the reflective regions of the 
transflective main panel 81 Is half the thickness X2 of 

50 portions of the liquid crystals 106 located on the trans- 
misslve regions. The light passes through the liquid 
crystals 1 06 twice In the reflective regions while only one 
in the transmisslve regions. Hence the thickness x^ of 
the portion of the liquid crystals 106 located on the re- 

55 flective regions is rendered half the thickness X2 of the 
portions of the liquid crystals 106 located on the trans- 
missive reaglons, in order to equalize optical path 
lengths of the light in the reflective regions and the trans- 
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missive regions to each other 
[0057] According to the third emlx>diment. a backlight 
unit 110 including a cold cathode fluorescent tube 111, 
a reflector 112 and a light guide plate 113 is arranged 
on the rear surface of the first glass substrate 91. This 
backlight unit 110 is similar in structure to the second 
embodiment shown in Fig. 4. 

[0058] In the main panel 81, light emitted from the 
backlight unit 110 is incident from the side of the flrst 
glass substrate 91. passes through the liquid crystals 
106 and the second glass substrate 102. Further, exter- 
nal light is incident from the side of the second glass 
substrate 102, passes through the liquid crystals 106 
and is reflected by the reflective electrodes 99 toward 
the second glass substrate 102. Thus, the observer 50 
observes the display on the main panel 81 from the side 
of the second glass substrate 102. In the sub panel 82, 
on the other hand, the light emitted from the backlight 
unit 110 or the external light Is incident from the side of 
the first glass substrate 91, passes through the liquid 
crystals 106 and is reflected by the reflective layer 107 
toward the first glass substrate 91 . Thus, the obsen^er 
50 observes the display on the sub panel 82 firom the 
side of the first glass substrate 91 . 
[0059] According to the third embodiment, as herein- 
above described, the reflective layer 107 provided on 
the surface of the second glass substrate 1 02 on the 
region formed with the sub panel 82 can reflect the light 
Incident through the first glass substrate 91 to pass 
through the liquid crystals 106, whereby the reflective 
sub panel 82 can be so easily formed that the display 
thereof is observable from the side of the first glass sub- 
strate 91. The reflective sub panel 82 Is so combined 
with the transflective main panel 81 whose display is ob- 
servable from the side of the second glass substrate 102 
that a double-sided liquid crystal display can be easily 
obtained. 

[0060] According to the third embodiment, further, the 
reflective layer 107 of the sub panel 82 is so formed be- 
tween the second glass substrate 1 02 and the color filter 
103 that the light incident fi-om the side of the first glass 
substrate 91 is reflected by the reflective layer 107 with- 
out passing through the second glass substrate 102, 
whereby the second glass substrate 102 causes no light 
absorption loss. Thus, the sub panel 82 can be inhibited 
from reduction of brightness. Further, the surface of the 
reflective layer 107 can be effectively Inhibited fix>m de- 
terioration due to the color filter 103 on the same. 
[0061] According to the third embodiment, in addition, 
the main panel 81 rs so formed by a transflective panel 
that the cold cathode ray tube 111 of the backlight unit 
110 can be reduced In size as compared with that for a 
transmissive main panel. Thus, power consumption can 
be further reduced. 

[0062] According to the third embodiment, further, the 
transparent electrodes 100a are so formed on the re- 
flective electrodes 99 in the region formed with the main 
panel 81 so that the upper surfaces of the transparent 



electrodes 100a as the pixel electrode contacts with the 
liquid crystals 106. Thus, characteristics with respect to 
the liquid crystals 106 can be improved as compared 
with a case that the upper surfaces of the reflective elec- 
5 trodes 20 as the pixel electrode contacts with the liquid 
crystals 106. Consequently, the liquid crystals 106 can 
be inhibited firom deterioration of characteristics result- 
ing fi-om formation of the reflective electrodes 99. 
[0063] In the third embodiment, a part of the planariz- 
10 ing layer 98 may be etched to expose an interlayer in- 
sulating layer 96 and the etched part of the planarizing 
layer 98 may be used as concave portions 98c. 
[0064] Effects of the third embodiment attained by the 
similar structure or method as that in the first or second 
15 embodiment are similar to those In the first or second 
embodiment. 

(Fourth Embodiment) 

[0065] According to a fourth embodiment of the 
present invention, a one-side liquid crystal display 
whose main panel and sub panel are observed firom the 
same side of a substrate is formed, dissimilarly to the 
aforementioned embodiments. Portions different from 
those of the liquid crystal displays according to the 
aforementioned first to third embodiments are now de- 
scribed in detail with reference to Fig. 6. 
[0066] In the liquid crystal display according to the 
fourth embodiment, the main panel 161 and the sub 
panel 162 are formed on the same first glass substrate 
121. The main panel 161 is a transflective panel whose 
display is observed by an observer 50 from the side of 
the second glass substrate 132, and the sub panel 162 
is a reflective panel whose display is also observed by 
the observer 50 from the side of the second glass sub- 
strate 132. In other words, the liquid crystal display ac- 
cording to the fourth embodiment Is a single-sided liquid 
crystal display so formed that the observer 50 observes 
both of the display on the main panel 161 and that on 
the sub panel 162 from same side of the second glass 
substrate 132. The first glass substrate 121 is an exam- 
ple of the "substrate" or the "first substrate" in the 
present invention, and the second glass substrate 132 
is an example of the "second substrate" in the present 
invention. The main panel 1 61 is an example of the "first 
display panel" or the "main display panel" in the present 
invention, and the sub panel 162 is an example of the 
"second display panel" or the "auxiliary display panel" 
in the present invention. 

[0067] The first glass substrate 121 , an insulating lay- 
er 122, p-Si layers 123 including source regions 123a, 
drain regions 123b and channel regions 123b, a gate 
insulating layer 124, gate electrodes 125, an interiayer 
Insulating layer 126 having contact holes 126a to 126c 
and drain electrodes 127 according to the fourth embod- 
iment are similar in structure to the elements from the 
first glass substrate 11 to the drain electrodes 17 ac- 
cording to the aforementioned flrst embodiment. A 
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planarizing layer 128 having contact holes 128a and 
128b and concave portions 128c is formed to cover the 
drain electrodes 127 and the interiayer insulating layer 
126. The liquid crystal display according to the fourth 
embodiment is further provided with reflective etec- s 
trodes 129a and transparent electrodes 130a similar in 
structure to the third embodiment respectively. 
[0068] According to the fourth embodiment, reflective 
electrodes 129b and transparent electrodes 130b simi- 
lar in structure to the first embodiment respectively are io 
formed on the region formed with the sub panel 162. 
The reflective electrodes 1 29b and the transparent elec- 
trodes 130b constitute pixel electrodes of the sub panel 
162. 

[0069] Thus, the fourth embodiment, which is identi- is 
cat to the third embodiment in the point that the main 
panel 161 is a transflective panel and the sub panel 162 
is a reflective panel, is different from the third embodi- 
ment in the point that the sub panel 162 has the pixel 
electrodes consisting of the reflective electrodes 129b 20 
and the transparent electrodes 1 30b similarly to the first 
embodiment with no reflective layer 107 (see Fig. 6). 
[0070] The reflective electrodes 1 29a and 129b of the 
main panel 161 and the sub panel 162 are formed by 
the same layer, while the transparent electrodes 130a 25 
and 130b of the main panel 161 and the sub panel 162 
are formed by the same layer. Further, the liquid crystal 
display according to the fourth embodiment is formed 
with an alignment layer 1 31 similar to the first embodi- 
ment. 30 
[0071] A color filter 133 fonned on the second glass 
substrate 132 includes black regions 133a, pale red re- 
gions 133b, a deep red region 133c, pale green regions 
133d, a deep green region 133e, a pale blue region 133f 
and a deep blue region 1 33g similarly to that in the afore- 35 
mentioned third embodiment. 
[0072] Common electrodes 134a an 134b. an align- 
ment layer 135 and liquid crystals 136 are similar in 
structure to commonthe first embodiment respectively. 
The common electrodes 134a and 134b are examples 40 
of the "first common electrode" and the "second com- 
mon electrode" in the present invention respectively. 
[0073] A backlight unit 1 40 serving as the light source 
for the transflective main panel 161 is arranged on the 
rear surface of the first glass substrate 121. This back- ^5 
light unit 140 includes a cold cathode fluorescent tube 
141, a reflector 142 consisting of a metal and a light 
guide plate 143 consisting of acrylic. An LED 151. a re- 
flector 1 52 and a light guide plate 1 53 are set on the rear 
surface of the second glass substrate 1 32 for serving as so 
the light source for the reflective sub panel 161 when no 
or low extemal light is obtained in the nighttime or the 
like. When external light is obtained in the daytime or 
the like, display on the sub panel 162 is made through 
the extemal light. 55 
[0074] In the main panel 161, light emitted from the 
backlight unit 140 is incident from the side of the first 
glass substrate 121, passes through the liquid crystals 



136 and the second glass substrate 132. Further, the 
extemal light is incident firom the side of the second 
glass substrate 132, passes through the liquid crystals 
136 and is reflected by the reflective electrodes 129a 
toward the second glass substrate 132. Thus, the ob- 
server 50 observes the display on the main panel 161 
firom the side of the second glass substrate 132. In the 
sub panel 162, light emitted from the LED 151 or the 
extemal light is incident firom the side of the second 
glass substrate 132. passes through the liquid crystals 
136 and is reflected by the reflective electrodes 129b 
toward the second glass substrate 132. Thus, the ob- 
server 50 also observes the display on the sub panel 
162 from the side of the second glass substrate 132. 
[0075] Figs. 7 and 8 are perspective views showing 
an exemplary portable telephone 160 including the sin- 
gle-sided liquid crystal display having the main panel 
161 and the sub panel 162 according to the fourth em- 
bodiment shown in Fig. 6. The exemplary portable tele- 
phone 160 shown in Figs. 7 and 8 is constituted of a 
display part 160a and an operation part 160b. The dis- 
play part 160a includes the main panel 161 and the sub 
panel 1 62. When the portable telephone 1 60 is not used, 
the operation part 160b is folded toward the display part 
160a as shown in Fig. 7. In this case, the sub panel 162 
displays time information or the like. 
[0076] When the potable telephone 160 is used, the 
operation part 160b is opened along arrow in Fig. 7 and 
brought into the state shown in Fig. 8. In this state, both 
of the main panel 161 and the sub panel 162 make dis- 
play, in this case, the main panel 1 61 displays a dynamic 
image, a telephone number or the like. 
[0077] Figs. 9 and 10 are perspective views showing 
another exemplary portable telephone 1 70 including the 
single-sided liquid crystal display having the main panel 
161 and the sub panel 162 according to the fourth em- 
bodiment shown in Fig. 6. The exemplary portable tele- 
phone 170 shown in Figs. 9 and 10 is constituted of a 
display part 170a and an operation part 170b. The op- 
eration part 170b is slid along arrow shown in Fig. 9, and 
brought into the state shown in Fig. 10. Only the sub 
panel 162 makes display in the state shown in Fig. 9, 
while both of the main panel 161 and the sub panel 162 
make display in the state shown in Fig. 10. 
[0078] As hereinabove described, the liquid crystal 
display according to the fourth embodiment is so struc- 
tured that the obsen/er 50 observes both of the trans- 
flective main panel 161 and the sub reflective panel 162 
from the side of the second glass substrate 1 32. where- 
by the main panel 161 and the sub panel 1 62 of the sin- 
gle-sided liquid crystal display can be easily formed on 
the first glass substrate 121 . 

[0079] According to the fourth embodiment, further, 
the reflective electrodes 129a and 129b of the main pan- 
el 161 and the sub panel 162 are formed by the same 
layer while the transparent electrodes 1 30a and 1 30b of 
the main panel 161 and the sub panel 162 are also 
fomried by the same layer so that pixel electrode forming 



10 



17 



EP1 389 775A2 



18 



steps for the main panel 1 61 and the sub panel 1 62 can 
be rendered common, whereby the manufacturing proc- 
ess can be simplified. 

(0080] According to the fourth embodiment, in addi- 
tion, the transparent electrodes 130a and 130b consist- 
ing of ITO layers or the like are formed on the reflective 
electrodes 1 29a and 1 29b respectively, whereby the up- 
per surfaces of the transparent electrodes 1 30a and 
130b consisting of ITO layers or the like can define pixel 
electrode surfaces coming Into contact with the liquid 
crystals 136. Thus, characteristics with respect to the 
liquid crystals 136 can be improved as compared with 
a case of defining the pixel electrode surfaces coming 
into contact with the liquid crystals 1 36 by the upper sur- 
faces of the reflective electrodes 129a and 129b. Con- 
sequently, the liquid crystals 136 can be Inhibited from 
deterioration of the characteristics resulting from forma- 
tion of the reflective electrodes 129a and 129b. 
[0081] Effects of the fourth embodiment attained by 
the same structure or method as that in the first, second 
or third embodiment are similar to those In the first, sec- 
ond or third embodiment. 

(Fifth Embodiment) 

[0082] Referring to Fig. 1 1 showing a liquid crystal dis- 
play according to a fifth embodiment of the present in- 
vention, driving circuits arranged around a main. panel 

202 and a sub panel 203 of the liquid crystal display are 
described. The main panel 202 and the sub panel 203 
are formed on different regions of the same glass sub- 
strate 201. The main panel 202 and the sub panel 203 
are arranged along the longitudinal direction of drain 
lines. The main panel 202 Is constituted of a transmis- 
sive or transflective panel, and the sub panel 203 is con- 
stituted of a reflective panel. Thus, the liquid crystal dis- 
play can display the main panel 202 and the sub panel 

203 on opposite surfaces as a double-sided display. The 
glass substrate 201 is an example of the "substrate" in 
the present invention. The main panel 202 is an example 
of the "first display panel" in the present invention, and 
the sub panel 203 is an example of the "second display 
panel" in the present invention. 

[0083] An H shift register 206 for driving (scanning) 
the drain lines is arranged on a side of the main panel 
202 opposite to that provided with the sub panel 203. A 
drain line switch 207 is arranged between the H shift 
register 206 and the main panel 202. This drain line 
switch 207 is provided in order to successively turn on 
switches in response to a sampling signal thereby suc- 
cessively supplying video signals to the respective drain 
lines. A V shift register 204 for driving (scanning) gate 
lines of the main panel 202 and the sub panel 203 is 
arranged in a direction perpendicular to the longitudinal 
direction of the gate lines of the main panel 202 and the 
sub panel 203. A V level shifter 205 for converting the 
levels of negative voltages of signals supplied to the 
gate lines of the main panel 202 is arranged between 



the V shift register 204 and the main panel 202. The V 
shift register 204 is an example of the "first shift register" 
in the present invention, and the H shift register 206 is 
an example of the "second shift register" in the present 

5 invention. The V level shifter 205 is an example of the 
"level shifter" in the present invention. 
[0084] According to the fifth embodiment, the main 
panel 202 and the sub panel 203 share the V shift reg- 
ister 204 as well as the H shift register 206. Further, the 

10 drain lines are rendered common to the main panel 202 
and the sub panel 203. In other words, the drain lines 
continuously extend from the H shift register 206 to the 
sub panel 203 through the main panel 202. 
[0085] An external IC 210 is provided separately from 

IS the glass substrate 201 constituting a liquid crystal dis- 
play panel. The extemal IC 210 includes a power supply 
circuit 211 and an ENB signal control circuit 212. The 
power supply circuit 211 includes a circuit for generating 
a positive voltage Vqq and a circuit for generating a neg- 

20 ative voltage Vbb- Thus, the external IC 210 supplies 
the positive voltage Vqd to the V shift register 204 and 
the H shift register 206 while supplying the negative volt- 
age to the V level shifter 205. The external IC 210 
also supplies a vertical clock signal VCLK, a start signal 

25 VST and ENB signals to the V shift register 204. The 
extemal IC 21 0 further supplies a horizontal clock signal 
HCLK and a start signal HST to the H shift register 206. 
[0086] The internal structure of the V shift register 204 
of the liquid crystal display according to the fifth embod- 

30 iment is now described with reference to Fig. 1 2. The V 
shift register 204 includes shift registers SR1, SR2, 
SR3, SR4 and SR5. The V shift register 204 also in- 
cludes AND circuits AND1, AND2, AND3 and AND4 
each having three input terminals and one output temni- 

35 nal. Outputs of the shift registers SRI and SR2 and an 
ENB signal are input in the input terminals of the AND 
circuit AND1. Outputs of the shift registers SR2 an SR3 
and another ENB signal are input in the input terminals 
of the AND circuit AND2. Outputs of the shift registers 

"to SR3 and SR4 and still another ENB signal are input in 
the Input terminals of the AND circuit AND3. Outputs of 
the shift registers SR4 and SR5 and a further ENB signal 
are input in the input terminals of the AND circuit AND4. 
[0087] Each of the AND circuits AND1 , AND2, AND3 

45 and AND4 outputs a high level when all three inputs go 
high, and outputs a low level when at least one of the 
three inputs goes low. 

[0088] The output terminals of the AND circuits AND1 
and AND2 are connected to gate lines G1 and G2 re- 
50 spectively. The output temiinals of the AND circuits 
AND3 and AND4 are connected to gate lines G3 and 
G4 through level shifters 205a and 205b of the V level 
shifter 205 respectively 

[0089] The AND circuits AND1 and AND2 constitute 
55 an output shutdown circuit 24 1 shutting down outputs to 
the sub panel 203. The AND circuits AND3 and AND4 
constitute another output shutdown circuit 242 shutting 
down outputs to the main panel 202. 
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[0090] Each pixel of the main panel 202 includes a 
switching transistor 221, a liquid crystal 222 and a stor- 
age capacitor 223. The switching transistor 221 has a 
gate connected to the gate line G3 or G4 and a drain 
connected to a drain line D1 . The source of the switching 
transistor 221 is connected with a pixel electrode of the 
liquid crystal 222 and a first electrode of the storage ca- 
pacitor 223. Each pixel of the sub panel 203 includes a 
switching transistor 231 , a liquid crystal 232 and a stor- 
age capacitor 233. The switching transistor 231 has a 
gate connected to the gate line G1 or 32 and a drain 
connected to the drain line D1 . The source of the switch- 
ing transistor 231 is connected with a pixel electrode of 
the liquid crystal 232 and a first electrode of the storage 
capacitor 233. The storage capacitor 233 has a larger 
capacitance than the storage capacitor 223 of the main 
panel 202, in order to hold data of the sub panel 203 
having a small number of rewriting times for a constant 
period. 

[0091] The main panel 202 is subjected to common 
electrode AC driving, and the sub panel 203 is subjected 
to common electrode DC driving. The term "common 
electrode AC driving" denotes a driving system AC-driv- 
ing a second electrode (common electrode: COM) dif- 
ferent from a first electrode (pixel electrode) of a display 
pixel to which a video signal is applied thereby substan- 
tially halving the amplitude of the video signal. When this 
common electrode AC driving is employed, the pixel 
electrode may exhibit a negative potential depending on 
the potentials of the common electrode (COM) and the 
video signal. In this case, the switching transistor 221 is 
turned on if the gate potential thereof is positive or zero, 
and hence negative voltages must be applied to the gate 
lines G3 and G4 of the main panel 202. In order to per- 
fomi common electrode AC driving, therefore, negative 
voltages level-converted by the V level shifter 205 must 
be supplied to the gate lines G3 and G4 of the main pan- 
el 202. 

[0092] On the other hand, the term "common elec- 
trode DC driving" denotes a driving system setting the 
common electrode (COM) to a constant voltage, and 
hence n video signal exhibits a negative potential. 
Therefore, the gate lines G1 and G2 of the sub panel 
203 subjected to common electrode DC driving may not 
be supplied with negative voltages. According to the fifth 
embodiment, therefore, the V level shifter 205 Is ar- 
ranged not on a portion corresponding to the gate lines 
G1 and G2 of the sub panel 203 but only on a portion 
corresponding to the gate lines G3 and G4 of the main 
panel 202. 

[0093] While Fig. 12 shows each of the main panel 
202 and the sub panel 203 with two rows and one col- 
umn in order to simplify the illustration, the present in- 
vention is applicable to any numbers of rows and col- 
umns, 

[0094] A method of driving the V shift register 204 of 
the liquid crystal display according to the fifth embodi- 
ment Is now described with reference to Figs. 1 2 and 1 3. 



[0095] The start signal VST (see Fig. 12) starts driving 
the V shift register 204. As shown in Fig. 13, the shift 
registers SRI to SR5 of the V shift register 204 succes- 
sively go high for constant periods in synchronization 
5 with the vertical clock signal VCLK. In this case, high- 
level ENB signals EN61 to ENB4 are supplied to the 
AND circuits AND1 to AND4 receiving the outputs of the 
shift registers SR1 to SR5 in correspondence to periods 
when adjacent ones of the shift registers SRI to SR5 
are at high levels together in first scanning. For example, 
the high-level ENB signal ENB1 is supplied to the AND 
circuit AND1 in con-espondence to the period when the 
shift registers SRI and SR2 are at high levels. The ENB 
signal control circuit 212 stored in the external IC 210 
shown in Fig. 11 controls the ENB signals ENB1 to 
ENB4. Thus, the outputs of the AND circuits AND1, 
AND2, AND3 and AND4 go high for constant periods 
respectively in the first scanning, as shown in Fig. 13. 
Therefore, all of the gate lines G1, G2, G3 and G4 go 
high for constant periods respectively in the first scan- 
ning. 

[0096] The ENB signals ENB1 to ENB4 are generally 
employed for not turning on pixel transistors (the switch- 
ing transistors 221 and 231) in a precharge period. The 
drain lines are precharged In order to previously set the 
drain lines to certain degrees of voltages so that video 
signals may be slightly added. According to the fifth em- 
bodiment, the ENB signals ENB1 to ENB4 are employed 
as control signals for changing rewrite cycles for the 
main panel 202 and the sub panel 203 or shutting down 
the sub panel 203 or the main panel 202. 
[0097] The gate lines G 1 and G2 con-esponding to the 
sub panel 203 go high in the aforementioned first scan- 
ning, thereby turning on the switching transistors 231 of 
the sub panel 203. Thus, a video signal supplied to the 
drain line D1 is supplied to the pixel electrodes of the 
liquid crystals 232 and the storage capacitors 233 
through the switching transistors 231. Consequently, 
display is made on the corresponding pixels of the sub 
panel 203. 

[0098] For the switching transistors 221 of the main 
panel 202, the outputs of the AND circuits AND3 and 
AND4 are supplied to the gate lines G3 and G4 through 
the level shifters 205a and 205b of the V level shifter 
205. When the outputs of the AND circuits AND3 and 
AND4 are high, the gate lines G3 and G4 are supplied 
with the same high-level voltages through the level shift- 
ers 205a and 205b of the V level shifter 205. Thus, the 
switching transistors 221 enter ON states. The drain line 
D1 is supplied with a video signal for the main panel 202 
In this state, so that the video signal is supplied to the 
pixel electrodes of the liquid crystals 222. Thus, display 
is made on the corresponding pixels of the main panel 
202. 

[0099] While no data are supplied to the pixels of the 
main panel 202. the outputs of the AND circuits AND3 
and AND4 go low and the gate lines G3 an G4 are sup- 
plied with negative voltages level-converted by the level 
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shifters 205a and 205b. 

[0100] According to the fifth embodiment, the outputs 
of the AND circuits AND1 and AND2 corresponding to 
the sub panel 203 are forcibly brought into low levels in 
second or later scanning of the gate lines by the V shift 
register 204. In other words, the ENB signals ENB1 and 
ENB2 are brought into low levels in second or later scan- 
ning of the gate lines of the sub panel 203 as show in 
Fig. 1 3, thereby forcibly bringing the outputs of the AND 
circuits AND1 and AND2 corresponding to the sub panel 
203 into low levels. Thus, outputs to the gate lines G1 
and G2 are shut down in the second or later scanning 
of the gate lines by the V shift register 204. In this case* 
the switching transistors 231 are turned off. to write no 
video signal. In other words, the AND circuits AND1 and 
AND2 constitute the output shutdown circuit 241 in this 
case. 

[0101] In the sub panel 203, the ENB signals ENB1 
and ENB2 are brought into high levels for constant pe- 
riods at the rate of about 10 to 50 times per second 
(about 10 Hz to 50 Hz) for turning on the switching tran- 
sistors 231 about 10 to 50 times per second, thereby 
writing video signals in the liquid crystals 232 of the sub 
panel 203 about 10 to 50 times per second. 
[0102] On the other hand, the ENB signals ENB3 and 
ENB4 are brought into high levels for constant periods 
also in second or later scanning similarly to the first 
scanning thereby outputting high levels to the gate lines 
G3 and G4 of the main panel 202 for constant periods. 
Thus, the switching transistors 221 of the main panel 
202 are turned on for writing video signals in the liquid 
crystals 222. 

[0103] When both of the main panel 202 and the sub 
panel 203 are used in the fifth embodiment, as herein- 
above described, the main panel 202 displaying dynam- 
ic images or the like is regulariy driven at a high frequen- 
cy (about 60 Hz) while display on the sub panel 203 is 
rewritten at a frequency (about 10 Hz to about 50 Hz) of 
about 1 0 times to 50 times per second. In this case, flick- 
er or ununiformity on display easily appears if the 
number of rewriting times for the liquid crystals 232 of 
the sub panel 203 is reduced, and hence the storage 
capacitors 233 having a large capacitance are provided 
for the pixels of the sub panel 203 to be capable of hold- 
ing video data for constant periods. The storage capac- 
itors 233 preferably have a capacitance of at least three 
times the capacitance of the storage capacitors 223 of 
the main panel 202. The storage capacitors 233 of the 
sub panel 203 having a capacitance of about three to 
four times the capacitance of the storage capacitors 223 
of the main panel 202 can be easily formed in consider- 
ation of the layout of the sub panel 203. In this case, the 
display on the sub panel 203 is preferably rewritten at a 
frequency (about 15 Hz to about 20 Hz) of about 15 to 
20 times per second. 

[0104] When only the main panel 202 is used, the 
ENB signals ENB1 and ENB2 conresponding to the sub 
panel 203 may be regulariy brought into low levels. In 



this case, the outputs of the AND circuits AND1 and 
AND2 regularly go low, thereby regulariy holding the 
gate lines G1 and G2 at low levels. Thus, the switching 
transistors 231 are regulariy in OFF states, to write no 

5 data in the liquid crystals 232 of the sub panel 203. In 
this case, the liquid crystal display makes display not on 
the sub panel 203 but only on the main panel 202. The 
AND circuits AND1 and AND2 constitute the output 
shutdown circuit 241 in this case. 

10 [01 05] When only the sub panel 203 is used, the ENB 
signals ENB3 and ENB4 corresponding to the main pan- 
el 202 may be regularly brought Into low levels. In this 
case, the outputs of the AND circuits AND3 and AND4 
regulariy go low thereby regulariy holding the gate lines 

15 G3 and G4 at low levels (negative voltages). Thus, the 
switching write transistors 221 are regulariy in OFF 
states, to write no data in the liquid crystals 222 of the 
main panel 202. In this case, the liquid crystal display 
makes display not on the main panel 202 but only on 

20 the sub panel 203. The AND circuits AND3 and AND4 
constitute the output shutdown circuit 242 in this case. 
[0106] According to the fifth embodiment, as herein- 
above described, the main panel 202 and the sub panel 
203 are provided on the same glass substrate 201 while 

25 sharing the V shift register 204 and the H shift register 
207, whereby the liquid crystal display can be further 
miniaturized as compared with that having a main panel 
and a sub panel formed on different glass substrates. 
Further, the main panel 202 and the sub panel 203 share 

30 the glass substrate 201 . the V shift register 204 and the 
H shift register 206, whereby the number of components 
can be further reduced and assembling steps can be 
further simplified. Thus, the component cost as well as 
the device cost can be further reduced. 

35 [01 07J According to the fifth embodiment, further, the 
drain lines are so rendered common to the main panel 

202 and the sub panel 203 that the number thereof can 
be reduced. Thus, power consumption can be reduced 
and a nan-ow frame can be obtained. 

40 [0108] According to the fifth embodiment. In addition, 
the V level shifter 205 is provided only on the portion 
corresponding to the main panel 202, whereby power 
consumption can be reduced. 
[0109] According to the fifth embodiment, further, the 

45 output shutdown circuit 241 is provided for shutting 
down the output of the portion of the V shift register 204 
corresponding to the sub panel 203 so that the output 
shutdown circuit 241 can lengthen only the rewrite cycle 
of the sub panel 203 when the main panel 202 displaying 

50 dynamic Images or the like and requiring a large number 
of data rewriting times and the sub panel 203 displaying 
no dynamic images or the like and requiring only a small 
number of data rewriting times share the V shift register 
204, Consequently, only the number of data rewriting 

55 times of the sub panel 203 can be reduced while keeping 
the main panel 202 at a large number of data rewriting 
times also when the main panel 202 and the sub panel 

203 share the V shift register 204. 
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[01 1 0] According to the fifth embodiment, further, the 
sub panel 203 can be easily brought into an unused 
state by regularly setting the ENB signals ENB1 and 
ENB2 to low levels for shutting down the output from the 
output shutdown circuit 241 (bringing the same Into a 
low level) when only the main panel 202 is used without 
using the sub panel 203. When only the sub panel 203 
Is used without using the main panel 202, on the other 
hand, the main panel 202 can be easily brought into an 
unused state by regularly setting the ENB signals ENB3 
and ENB4 to low levels for shutting down the output from 
the output shutdown circuit 242 (bringing the same Into 
a low level). 

(Sixth Embodiment) 

[0111] In a liquid crystal display according to a sixth 
embodiment of the present invention, an H shift register 
256 is arranged between a main panel 252 and a sub 
panel 253. dissimilarly to the aforementioned fifth em- 
bodiment Portions of the sixth embodiment different 
from those of the aforementioned fifth embodiment are 
now described in detail with reference to Fig. 14. 
[0112] According to the sixth embodiment, a glass 
substrate 251 . the main panel 252 consisting of a trans- 
missive or transflective panel and the sub panel 253 
consisting of a reflective panel are identical in structure 
to the glass substrate 201, the main panel 202 and the 
sub panel 203 of the liquid crystal display according to 
the fifth embodiment shown in Fig. 11 respectively. The 
glass substrate 251 is an example of the "substrate" in 
the present invention. The main panel 252 is an example 
of the "first display panel" in the present invention, and 
the sub panel 253 is an example of the "second display 
panel" in the present invention. 
[01 1 3] According to the sixth embodiment, the H shift 
register 256 is arranged between the main panel 252 
and the sub panel 253, A drain line switch 257a for the 
main panel 252 is arranged between the H shift register 
256 and the main panel 252. Another drain line switch 
257b for the sub panel 253 is aranged between the H 
shift register 256 and the sub panel 253. The drain line 
switches 257a and 257b are provided for successively 
turning on switches in response to a sampling signal 
thereby successively supplying video signals to respec- 
tive drain lines. The main panel 252 and the sub panel 
253 share the M shift register 256. 
[0114] The H shift register 256 is an example of the 
"second shift register" in the present invention. The main 
panel 252. the sub panel 253. a V shift register 254 and 
a V level shifter 255 are similar in internal structure to 
the main panel 202, the sub panel 203, the V shift reg- 
ister 204 and the V level shifter 205 according to the 
aforementioned fifth embodiment respectively. 
[0115] An external IC 210 supplies a horizontal clock 
signal HCLK. a start signal HST and a positive voltage 
Vqd to the H shift register 256. 
[01 1 6] According to the sixth embodiment, the V shift 



register 254 is driven by a method similar to that for the 
V shift register 204 according to the aforementioned fifth 
embodiment. 

[0117] According to the sixth embodiment, as herein- 
5 above described, the H shift register 256 driving the 
drain tines of the main panel 252 and the sub panel 253 
is so an-anged between the main panel 252 and the sub 
panel 253 that the distance between the shift register 
256 and the sub panel 253 is reduced as compared with 
that in the fifth embodiment shown in Fig. 11, whereby 
loads on the drain lines of the sub panel 253 are re- 
duced. Thus, transistors constituting the drain line 
switch 257b for the sub panel 253 can be reduced in 
size. 

[01 1 8] According to the sixth embodiment, further, the 
main panel 252 and the sub panel 253 are provided on 
the same glass substrate 251 while sharing the V shift 
register 254 and the H shift register 256 similariy to the 
aforementioned ftfth embodiment, whereby the liquid 
crystal display can be further miniaturized as compared 
with that having a main panel and a sub panel formed 
on different glass substrates. Further, the main panel 
252 and the sub panel 253 share the glass substrate 
251 . the V shift register 254 and the H shift register 256. 
whereby the number of components can be further re- 
duced and assembling steps can be further simplified. 
Thus, the component cost as well as the device cost can 
be further reduced. 

[01 1 9] Effects of the sixth embodiment attained by the 
same structure or method as that In the fifth embodiment 
are similar to those In the aforementioned fifth embodi- 
ment. 

(Seventh Embodiment) 

[0120] Referring to Fig. 15. points of a liquid crystal 
display according to a seventh embodiment of the 
present invention different from those of the liquid crys- 
tal display according to the aforementioned fifth or sixth 
embodiment are now described. A glass substrate 301 . 
a main panel 302 consisting of a transmissive or trans- 
flective panel and a sub panel 303 consisting of a reflec- 
tive panel according to the seventh embodiment are 
identical in structure to the glass substrate 201 , the main 
panel 202 and the sub panel 203 according to the fifth 
embodiment shown in Fig. 11 respectively. 
[0121] The glass substrate 301 is an example of the 
"substrate" in the present invention. The main panel 302 
is an example of the "first display panel" in the present 
invention, and the sub panel 303 is an example of the 
"second display panel" in the present invention. 
[0122] An H shift register 306 for driving (scanning) 
drain lines is arranged on a side of the main panel 302 
opposite to that provided with the sub panel 303. The 
main panel 302 and the sub panel 303 share the H shift 
register 306. A drain line switch 307 is arranged be- 
tween the H shift register 306 and the main panel 302. 
This drain line switch 307 Is provided for successively 
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turning on switches in response to a sampling signal 
thereby successively supplying video signals to respec- 
tive drain lines. 

[0123] The liquid crystal display according to the sev- 
enth embodiment is also provided with a V shift register 
304 and a V level shifter 305 having structures similar 
to those of the V shift register 204 and the V level shifter 
205 according to the fifth embodiment (see Fig. 12) re- 
spectively 

[0124] The V shift register 304 and the H shift register 
306 are examples of the "signal line driving circuit" in 
the present Invention, and the H shift register 306 is an 
example of the "second shift register" in the present In- 
vention. 

[01 25] According to the seventh embodiment, a clock 
generation circuit 308, a step-up circuit 309 and a black/ 
white voltage generation circuit 310 are provided on the 
glass substrate 301. The clock generation circuit 308. 
the step-up circuit 309 and the black/white voltage gen- 
eration circuit 310 are examples of the "second display 
panel driving circuit" in the present invention. The clock 
generation circuit 308 constituted of a ring oscillator 
generates a clock signal for performing a step-up oper- 
ation in the step-up circuit 309. The step-up circuit 309 
supplies an increased voltage (about 5 V to about 5.5 
V) to SRAMs (static random access memories) 332 de- 
scribed later. The black/white voltage generation circuit 
310 switches a low level (0 V) and a high level (3 V) at 
a constant cycle and supplies the same to a white (~ 
COM) power supply line 310a and a black power supply 
line 310b respectively. 

[0126] According to the seventh embodiment, each 
pixel of the sub panel 303 includes a switching transistor 
331, the SRAM (static random-access memory) 332, a 
signal selection circuit 333 and a liquid crystal 334. In 
other words, each pixel of the sub panel 303 stores the 
SRAM 332 In the seventh embodiment. This SRAM 332 
is constituted of two inverter circuits 332a and 332b. 
Each signal selection circuit 333 is constituted of two N- 
channel transistors 333a and 333b. The sub reflective 
panel 303 is provided with display pixel regions 330 on 
regions formed with reflective electrodes (not shown) 
thereof. Therefore, each display pixel region 330 of the 
sub panel 303 covers each switching transistor 331, 
each SRAM 332 and each signal selection circuit 333. 
[0127] Each switching transistor 331 has a drain con- 
nected with a drain line and a gate connected with a gate 
line. The inverter circuit 332b is fonvardly connected to 
the source of the switching transistor 331 . The inverter 
circuit 332a Is forwardly connected between an output 
side of the Inverter circuit 332b and the source of the 
switching transistor 331 . The step-up circuit 309 serving 
as a power source is connected to each pair of inverter 
circuits 332a and 332b. 

[0128] The signal selection circuit 333 is provided be- 
tween the SRAM 332 and a pixel electrode of the liquid 
crystal 334. This signal selection circuit 333 selects a 
signal to be output to the pixel electrode of the liquid 



crystal 334 in response to a signal supplied from the 
SRAM 332. The black/white generation circuit 310 is 
connected to the drain of the N-channel transistor 333a 
of the signal selection circuit 333 through the black pow- 
5 er supply line 310b. The black/white voltage generation 
circuit 310 is also connected to the drain of the N-chan- 
nel transistor 333b through the white power supply line 
310a. Outputs of the inverter circuits 332a and 332b are 
connected to the gates of the N-channel transistors 
333a and 333b respectively. 

[0129] Each pixel of the main panel 302 includes a 
switching transistor 321, a liquid crystal 322 and a stor- 
age capacitor 323 having structures similar to those of 
the switching transistor 221, the liquid crystal 222 and 

15 the storage capacitor 223 according to the fifth embod- 
iment shown in Fig. 12 respectively. 
[0130] According to the seventh embodiment, the 
main panel 302 and the sub panel 303 are subjected to 
common electrode AC driving. Fig. 16 Is a waveform di- 

20 agram In a case of performing common electrode AC 
driving on the main panel 302 displaying analog video 
signals, and Fig. 17 Is a wavefomi diagram in a case of 
perfomriing common electrode AC driving on the sub 
panel 303 displaying digital video signals. As shown in 

25 Fig. 1 6, each pixel electrode may exhibit a negative po- 
tential depending on the potentials of a common elec- 
trode (COM) and each video signal when common elec- 
trode AC driving Is performed on the main panel 302 
displaying analog video signals. In this case, the switch- 

30 ing transistor 321 of the main panel 302 Is turned on if 
the gate potential thereof is positive or zero, and hence 
a negative voltage must be applied to each gate line of 
the main panel 302. 

[0131] In the sub panel 303 displaying digital video 
35 signals, on the other hand, a signal held by the SRAM 
332 exhibits no negative potential also when the same 
is subjected to common electrode AC driving, as shown 
in Fig. 17. Therefore, no negative voltage may be sup- 
plied to each gate line of the sub panel 303. According 
^0 to the seventh embodiment, therefore, the V level shifter 
305 is arranged not on a portion corresponding to the 
sub panel 303 but only on a portion corresponding to 
the main panel 302. 

[0132] An extemal IC 311 and a 3 V power source 315 
45 are provided separately from the glass substrate 301 
constituting a liquid crystal display panel. The external 
IC 311 includes a power supply circuit 312, an ENB sig- 
nal control circuit 313 and a power/signal supply shut- 
down circuit 314. The power supply circuit 312 is an ex- 
50 ample of the "first power supply circuit" In the present 
invention, and the 3 V power source 31 5 is an example 
of the "second power supply circuit" in the present in- 
vention. The power supply circuit 312 includes circuits 
for generating positive and negative voltages Vqq and 
55 respectively. Thus, the external IC 31 1 supplies the 
positive voltage Vqd to the V shift register 304 and the 
H shift register 306, while supplying the negative voltage 
to the V level shifter 305. The external IC 311 also 
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supplies a vertical clocl( signal VCLK, a start signal VST 
and ENB signals to the V shift register 304. The external 
IC 311 further supplies a horizontal clock signal HCLK 
and a start signal HST to the H shift register 306. 
10133] The ENB signal control circuit 313 is provided 5 
for controlling high or low levels of the ENB signals sup- 
plied in scanning by the V shift register 304. The power/ 
signal supply shutdown circuit 314 is provided for shut- 
ting down supply of power and signals to the V shift reg- 
ister 304 and the H shift register 306 when only the sub io 
panel 303 is used while the SRAMs 332 hold signals. 
[0134] Refening to Fig. 18, AND circuits AND1 and 
AND2 of the V shift register 304 constitute an output 
shutdown circuit shutting down outputs to the sub panel 
303 in scanning. Further, AND circuits AND3 and AND4 15 
constitute another output shutdown circuit 342 shutting 
down outputs to the main panel 302 in scanning. 
[0135] In order to drive the V shift register 304 of the 
liquid crystal display according to the seventh embodi- 
ment shown in Fig. 18, gate lines G1 and G2 corre- 20 
spending to the sub panel 303 are brought into high lev- 
els in first scanning of the sub panel 303 and the main 
panel 302 thereby turning on the switching transistors 

331 of the sub panel 303, similarly to the aforemen- 
tioned fifth embodiment. Thus, a high- or low-level signal 25 
supplied to a drain line D1 is supplied to the SRAMs 332 
through the switching transistors 331. The SRAMs 332 
hold this signal. When the signal held by the SRAMs 

332 Is high, the N-channel transistors 333a and 333b 
are turned on and off respectively. Thus, the black power 30 
supply line 310b supplies a black voltage to the pixel 
electrodes of the liquid crystals 334 through the N-chan- 
nel transistors 333a, whereby the liquid crystals 334 
make black display. 

[0136] According to the seventh embodiment, outputs 35 
of the AND circuits AND1 and AND2 corresponding to 
the sub panel 303 are forcibly brought into low levels in 
second or later scanning of the gate lines by the V shift 
register 304, similarly to the aforementioned fifth em- 
bodiment. In other words, ENB signals ENB1 andENB2 40 
are brought into low levels as shown in Fig. 13 in second 
or later scanning of the gate lines of the sub panel 303. 
thereby forcibly bringing the outputs of the AND circuits 
AND1 and AND2 corresponding to the sub panel 303 to 
low levels. Thus, outputs to the gate lines G1 and G2 45 
are shut down in second or later scanning of the gate 
lines by the V shift register 304. In this case, the switch- 
ing transistors 331 are tumed off, to write no signal in 
the SRAMs 332. In other words, the AND circuits AND1 
and AND2 constitute the output shutdown circuit 341 in 50 
this case. 

[0137] In the sub pane! 303, the ENB signals ENB1 
and ENB2 are brought into high levels for constant pe- 
riods at the rate of about once per second. Thus, the 
switching transistors 331 enter ON states only about 55 
once per second, thereby supplying signals to the 
SRAMs 332 only about once per second. In other words, 
the sub panel 303 is scanned at a frequency (about 1 



Hz) of about once per second regardless of the scanning 
frequency (about 60 Hz) of the V shift register 304. 
[01 38] In the main panel 302, on the other hand, ENB 
signals ENB3 and ENB4 are brought into high levels for 
constant periods also in second or later scanning simi- 
lariy to first scanning, thereby outputting high levels to 
gate lines G3 and G4 for constant periods. Thus, the 
switching transistors 321 of the main panel 302 enter 
ON states for writing analog video signals in the liquid 
crystals 322 of the main panel 302. In other words, the 
main panel 302 is scanned at the scanning frequency 
(about 60 Hz) of the V shift register 304. 
[0139] According to the seventh embodiment, as 
hereinabove described, the main panel 302 displaying 
dynamic images or the like is regutariy driven at a high 
scanning frequency (about 60 Hz) and the sub panel 
303 is driven at a low firequency (about 1 Hz) of about 
once per second when both of the main panel 302 and 
the sub panel 303 are used. In this case, the SRAMs 
332 stored in the sub panel 303 as data holding circuits 
reliably hold signals in a period up to subsequent scan- 
ning also when the scanning frequency for the sub panel 
303 is reduced and a rewrite cycle is lengthened. 
[0140] Operations in a case of using only the main 
panel 302 without using the sub panel 303 are now de- 
scribed. In this case, the ENB signals ENB1 and ENB2 
con-esponding to the sub panel 303 are regulariy set to 
low levels. Thus, the outputs of the AND circuits AND1 
and AND2 regularly go low, thereby regulariy holding the 
gate lines G1 and G2 at low levels. Therefore, the 
switching transistors 331 regulariy enter OFF states, to 
supply no signal to the SRAMs 332 of the sub panel 303. 
When power sources for and black/white signals to the 
SRAMs 332 are turned off, the sub panel 303 makes no 
display. In this case, the AND circuits AND1 and AND2 
constitute the output shutdown circuit 341 of the sub 
panel 303. In the main panel 302, the ENB signals ENB3 
and ENB4 are brought into high levels for constant pe- 
riods in all scanning. Thus, only the main panel 302 
makes display, 

[0141] Operations in a case of using only the sub pan- 
el 303 without using the main panel 302 are now de- 
scribed. In this case, the ENB signals ENB3 and ENB4 
corresponding to the main panel 302 are regulariy 
brought into low levels. Thus, the switching transistors 
321 of the main panel 302 regulariy enter OFF states, 
to write no analog video signal in the liquid crystals 322 
of the main panel 302. tn this case, the AND circuits 
AND3 and AND4 constitute the output shutdown circuit 
342 of the main panel 302. In the sub panel 303, the 
ENB signals ENB1 and ENB2 are brought into high lev- 
els for constant periods at the rate of about once per 
second. In other words, each SRAM 332 is supplied with 
a signal only about once per second, so that only the 
sub panel 303 makes black or white display. 
[0142] When only the sub panel 303 is used while the 
SRAMs 332 hold data, the power/signal shutdown cir- 
cuit 314 (see Fig. 15) of the external tC 311 is so em- 
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ployed as to shut down supply of the power (Vqd and 
Vbb) and the signals (VCLK, VST, ENB, HCLK an HST) 
from the external IC 311 to the V shift register 304, the 

V level shifter 305 and the H shift register 306, The 3 V 
power source 315 supplies power only through paths 
shown by dotted lines in Fig. 1 5. 

[0143] The external IC circuit 311 detects whether or 
not the main panel 302 and the sub panel 303 are used 
on the basis of an opening/closing detection switch 390a 
of a portable telephone 390 shown in Fig. 1 5. More spe- 
cifically, an output from the opening/closing detection 
switch 390a goes low when the portable telephone 390 
is folded and the main panel 302 is not used, and hence 
the external tC 311 detects that only the sub panel 303 
is used. When the portable telephone 390 is opened for 
using the main panel 302, the output from the opening/ 
closing detection switch 390a goes high and hence the 
external IC 311 detects that the main panel 302 and the 
sub panel 303 are used. 

[0144] The present invention Is applicable not only to 
the portable telephone 390 but also to various portable 
apparatuses and displays. The present invention is not 
restricted to the opening/closing detection switch 390a 
either, but is also applicable to a switch arbitrarily switch- 
able by a panel user. 

[0145] According to the seventh embodiment, as 
hereinabove described, the main panel 302 and the sub 
panel 303 are provided on different regions of the same 
glass substrate 301 so that the liquid crystal display can 
be further miniaturized as compared with that having a 
main panel and a sub panel formed on different glass 
substrates. Further, the main panel 302 and the sub 
panel 303 share the glass substrate 301 , the V shift reg- 
ister 304 and the H shift register 306, whereby the 
number of components can be further reduced and as- 
sembling steps can be further simplified. Thus, the com- 
ponent cost as well as the device cost can be further 
reduced, 

[0146] According to the seventh embodiment, further, 
each pixel of the sub panel 303 stores the SRAM 332 
so that the SRAM 332 can reliably hold a signal without 
reduction of the signal voltage in a period up to subse- 
quent scanning also when the scanning frequency for 
the sub panel 303 is reduced and the rewrite cycle of 
the sub panel 303 is lengthened as hereinabove de- 
scribed, whereby flicker or ununiformity on display re- 
sulting from reduction of the signal voltage can be effec- 
tively prevented. Thus, the scanning frequency for the 
sub panel 303 can be rendered smaller than that for the 
main panel 302. According to the seventh embodiment, 
in addition, the sub panel 303 stores the SRAMs 332 for 
holding digital video signals so that the SRAMs 332 hold 
the digital video signals, whereby data of the sub panel 
303 may hardly be rewritten. Thus, the power/signal 
supply shutdown circuit 314 can shutdown supply of the 
power and driving signals to the V shift register 304, the 

V level shifter 305 and the H shift register 306 when only 
the sub panel 303 is used while the SRAMs 323 of the 



sub panel 303 hold signals, whereby power consump- 
tion can be reduced. 

[0147] According to the seventh embodiment, further, 
power supply from the power supply circuit 312 is 
5 stopped so that only the 3 V power source 315 supplies 
power when only the sub panel 303 is used while the 
SRAMs 332 of the sub panel 303 hold signals, whereby 
the small 3 V power source 31 5 can be employed when 
only the sub panel 303 is used. Thus, power consump- 
10 tlon can be reduced also by this. 

[0148] According to the seventh embodiment, further, 
the liquid crystal display is provided with the signal se- 
lection circuits 333 selecting the digital video signals 
supplied to the pixel electrodes of the liquid crystals 334 
15 in response to signals from the SRAMs 332, whereby 
digital video signals corresponding to data held in the 
SRAMs 332 can be easily supplied to the pixel elec- 
trodes of the liquid crystals 334 of the sub panel 303. 
[0149] According to the seventh embodiment, further, 
the drain lines are rendered common to the main panel 
302 and the sub panel 303, whereby the number of the 
drain lines can be reduced. Thus, power consumption 
can be reduced and a narrow frame can be obtained. 
[01 50] Effects of the seventh embodiment attained by 
the same structure or method as that in the fifth or sixth 
embodiment are similar to those of the aforementioned 
fifth or sixth embodiment. 

(Eighth Embodiment) 

[0151] Referring to Figs. 19 and 20, a step-down cir- 
cuit 352 for supplying a negative voltage N/gQ to a V level 
shifter 305 and a negative voltage supply shutdown cir- 
cuit 353 for shutting down supply of the negative voltage 
Vqq from the step-down circuit 352 to the V level shifter 
305 are fomned on a glass substrate 351 in a liquid crys- 
tal display according to an eighth embodiment of the 
present invention, in addition to a structure identical to 
that of the aforementioned seventh embodiment. The 
remaining structure of the liquid crystal display accord- 
ing to the eighth embodiment is similar to that of the 
aforementioned seventh embodiment. 
[01 52] According to the eighth embodiment, the step- 
down circuit 352 and the negative voltage supply shut- 
down circuit 353 are further provided on the glass sub- 
strate 351. The step-down circuit 352 is an example of 
the "negative voltage generation circuit" in the present 
invention. 

[0153] As shown in Fig. 20, the negative voltage sup- 
ply shutdown circuit 353 is connected between a clock 
generation circuit 308 and the step-down circuit 352, 
and constituted of an N-channel transistor NT301. An 

output of an opening/closing detection switch 390a of a 
portable telephone 390 is connected to the gate of the 
N-channel transistor NT301. 

[0154] According to the eighth embodiment, an exter- 
nal IC 311a is provided outside the glass substrate 351 . 
The external IC 311a is provided with a power supply 
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circuit 312a for generating a positive voltage Vqq, an 
ENB signal control circuit 31 3 and a power/signal supply 
shutdown circuit 314. 

[0155] Referring to Fig. 20» the opening/closing de- 
tection switch 390a Is connected to the positive voltage 
Vqd when the portable telephone 390 is opened for us- 
ing a main panel 302 in operation of the negative voltage 
supply shutdown circuit 353. Thus, a high level is sup- 
plied to the gate of the N-channel transistor NT301, 
thereby turning on the N-channel transistor NT301. In 
this state, the clock generation circuit 308 supplies a 
clock signal to the step-down circuit 352. The step-down 
circuit 352 perfonns a step-down operation, thereby 
generating the negative voltage Vgg. The generated 
negative voltage Vqb is supplied to the V level shifter 
305. 

[0156] When the portable telephone 390 is closed so 
that main panel 302 is not used (only a sub panel 303 
is used), the opening/closing detection switch 390a is 
connected to a ground temiinal to supply a low level to 
the gate of the N-channel transistor NT301 . In this case, 
the N-channel transistor NT301 is turned off, to supply 
no clock signal from the clock generation circuit 308 to 
the step-down circuit 352. Thus, the step-down circuit 
352 generates no negative voltage Vbq to be supplied 
to the V level shifter 305. 

[0157] According to the eighth embodiment, as here- 
inabove described, the step-down circuit 352 and the 
negative voltage supply shutdown circuit 353 are so pro- 
vided on the glass substrate 351 that the negative volt- 
age supply shutdown circuit 353 can stop supplying the 
negative voltage Vge to the V level shifter 305 when only 
the sub panel 303 is used, whereby power consumption 
can be further reduced. 

[0158] Effects of the eighth embodiment attained by 
the same structure or method as the seventh embodi- 
ment are similar to those of the aforementioned seventh 
embodiment. 

(Ninth Embodiment) 

[0159] Referring to Fig. 21 , each pixel of a sub panel 
363 stores a DRAM (dynamic random access memory) 
633 in a liquid crystal display according to a ninth em- 
bodiment of the present invention, dissimilarly to the 
aforementioned seventh and eighth embodiments. 
[0160] A glass substrate 361 . a main panel 362 con- 
sisting of a transmissive or transflective panel and the 
sub panel 363 consisting of a reflective panel in the liq- 
uid crystal display according to the ninth embodiment 
are identical in structure to the glass substrate 301, the 
main panel 302 and the sub panel 303 according to the 
seventh embodiment shown In Fig. 1 5 respectively. The 
glass substrate 361 is an example of the "substrate" in 
the present invention. The main panel 362 Is an example 
of the "first display panel" in the present invention, and 
the sub panel 363 is an example of the "second display 
panel" in the present invention. 



[0161] Further, an H shift register 366, a drain line 
switch 367, a V shift register 364 and a V level shifter 

365 according to the ninth embodiment are identical in 
structure to the H shift register 306. the drain tine switch 

5 307. the V shift register 304 and the V level shifter 305 
according to the seventh embodiment shown in Fig. 15 
respectively. 

[0162] The V shift register 364 and the H shift register 

366 are examples of the "signal line driving circuit" in 
10 the present invention, and the H shift register 366 Is an 

example of the "second shift register" In the present In- 
vention. 

[0163] According to the ninth embodiment, each pixel 
of the sub panel 363 includes the DRAM 633. a signal 
15 selection circuit 634 and a liquid crystal 635. The DRAM 
633 includes a switching transistor 631 and a capacitor 
632. The signal selection circuit 634 includes an N- 
channel transistor 634a and a P-channel transistor 
634b. 

20 [01 64] The switching transistor 631 of the DRAM 633 
has a drain connected to a drain line and a gate con- 
nected to a gate line respectively. A first electrode of the 
capacitor 63 is connected to the source of the switching 
transistor 631. The source of the switching transistor 

35 631 is connected to the gates of the N-channel transistor 
634a and the P-channel transistor 634b. The drain of 
the N-channel transistor 634a is connected to a black/ 
white voltage generation circuit 370 through a black 
power supply line 370b. The drain of the P-channel tran- 

30 sistor 634b is connected to the black/white voltage gen- 
eration circuit 370 through a white power supply line 
370a. Both of the sources of the N-channel transistor 
634a and the P-channel transistor 634b are connected 
to a pixel electrode of the liquid crystal 635. The sub 

35 reflective panel 363 is provided with display pixel re- 
gions 330 including the DRAMS 633 and the signal se- 
lection circuits 634. 

[0165] Each pixel of the main panel 362 includes a 
switching transistor 622, a liquid crystal 622 and a stor- 

40 age capacitor 623. 

[0166] The intemal structure of and a driving method 
for the V shift register 364 of the liquid crystal display 
according to the aforementioned ninth embodiment are 
Identical to the internal structure of and the driving meth- 

45 od for the V shift register 304 according to the seventh 
embodiment described with reference to Figs. 13 and 
18. 

[0167] In the sub panel 363, ENB signals ENB1 and 
ENB2 are brought into high levels for constant periods 

50 at the rate of about once per second, thereby supplying 
a high- or low-level signal to each DRAM 633 only about 
once per second. In other words, the sub panel 363 is 
scanned at a frequency (about 1 Hz) of about once per 
second regardless of a scanning frequency (about 60 

55 Hz) of the V shift register 364. When each DRAM 633 
holds a high-level signal, the N-channei transistor 634a 
and the P-channel transistor 634b of the signal selection 
circuit 634 are turned on and off respectively. Thus, the 
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black/white voltage generation circuit 370 supplies a 
black voltage to the pixel electrode of each liquid crystal 
635 through the black power supply line 370b and the 
N-channel transistor 634a. Thus, black display is made. 
[0168] When each DRAM 633 holds a low level, on 
the other hand, the N-channel transistor 634a and the 
P-channel transistor 634b are turned off and on respec- 
tively. In this case, the black/white voltage generation 
circuit 370 supplies a white voltage to the pixel electrode 
of each liquid crystal 635 through the white power supply 
line 370a and the P-channel transistor 634b. Thus, white 
display is made. 

[0169] The DRAM 633, which cannot hold data for a 
long time dissimilarly to the SRAMs 332 according to 
the seventh and eighth embodiments, must be re- 
freshed every constant period. 
[0170] When only the main panel 362 is used in the 
ninth embodiment, the ENB signals ENB1 and ENB2 
corresponding to the sub panel 363 are regularly set to 
low levels, similarly to the aforementioned seventh em- 
bodiment. Thus, outputs from AND circuits AND1 ad 
AND2 regularly go low, thereby regularly holding gate 
lines G1 and G2 at low levels. Thus, the switching tran- 
sistors 631 are regularly turned off to supply no signal 
to the DRAMS 633 of the sub panel 363. The black/white 
voltage generation circuit 370 is also turned off to make 
no display on the sub panel 363. ENB signals ENB3 and 
ENB4 corresponding to the main panel 362 are brought 
into high levels for constant periods in all scanning. 
Thus, only the main panel 362 makes display. 
[0171] When only the sub panel 363 is used without 
using the main panel 362, driving is performed similarly 
to the seventh embodiment so that only the sub panel 
363 makes black or white display 
[0172] When only the sub panel 363 is used while the 
DRAMs 633 hold data, a power/signal supply shutdown 
circuit 314 of an external IC 311 is employed for stopping 
supply of power and signals from the external IC 311 to 
the V shift register 364. the V level shifter 365 and the 
H shift register 366. A 3 V power source 315 supplies 
power only through paths shown by dotted lines in Fig. 
21. 

[01 73] According to the ninth embodiment, as herein- 
above described, each pixel of the sub panel 363 stores 
the DRAM 633 serving as a signal holding circuit so that 
the DRAM 633 can hold a signal in a period up to sub- 
sequent scanning also when the scanning frequency for 
the sub panel 363 is reduced and a rewrite cycle therefor 
is lengthened, whereby flicker or ununiformity on display 
can be Inhibited. Thus, the scanning frequency for the 
sub panel 363 can be easily rendered smaller than that 
for the main panel 362. 

[0174] According to the ninth embodiment, further, 
each signal selection circuit 634 is constituted of the N- 
channel transistor 634a and the P-channel transistor 
634b. to be capable of easily selecting a digital video 
signal corresponding to a signal held in the DRAM 633 
and supplying the same to the pixel electrode of the liq- 



uid crystal 635 when the DRAM 633 is employed as a 
data holding circuit. 

[0175] Effects of the ninth embodiment attained by the 
same structure or method as that of the seventh or 

5 eighth embodiment are similar to those of the aforemen- 
tioned seventh or eighth embodiment. 
[0176] The liquid crystal display according to the ninth 
embodiment is provided with the power/signal supply 
shutdown circuit 314 for shutting down supply of power 

10 and driving signals to the V shift register 364 and the H 
shift register 366 when the sub panel 363 is used while 
the DRAMS 633 of the sub panel 363 hold signals, 
whereby power consumption can be easily reduced. 
[0177] When only the sub panel 363 is used while the 

IS DRAMs 633 of the sub panel 363 hold signals, the pow- 
er/signal supply shutdown circuit 314 stops supplying 
power from the power supply circuit 31 2 so that only the 
3 V power source 315 supplies power, whereby the 
small 3 V power source 315 can be easily employed 

20 when only the sub panel 363 is used. Power consump- 
tion can be reduced also by this. 

(Tenth Embodiment) 

25 [0178] Referring to Fig. 22. each pixel of a sub panel 
373 of a liquid crystal display according to a tenth em- 
bodiment of the present invention is provided with a stor- 
age capacitor 733 having a large capacitance capable 
of sufficiently holding a signal also when a scanning fre- 

30 quency for the sub panel 373 is reduced for lengthening 
a scanning period, dissimilariy to the aforementioned 
seventh to ninth embodiments. 
[0179] Referring to Fig. 22, a glass substrate 371, a 
main panel 372. the sub panel 373. an H shift register 

35 376, a drain line switch 377 and a V shift register 374 
according to the tenth embodiment are similar in struc- 
ture to the elements from the glass substrate 301 to the 
V shift register 304 according to the seventh embodi- 
ment shown in Fig. 15. 

40 [0180] According to the tenth embodiment, a V level 
shifter 375 is provided between the V shift register 374 
and the main panel 372 not only on a portion corre- 
sponding to the main panel 372 but also on a portion 
corresponding to the sub panel 373. The V level shifter 

45 375 is an example of the "level shifter" In the present 
Invention. 

[0181] An external IC 381 includes a power supply cir- 
cuit 382 and an ENB signal control circuit 383. The ex- 
ternal IC 381 is similar in structure to the external IC 210 
50 according to the fifth embodiment shown In Fig. 11. 
[0182] Each pixel of the main panel 372 includes a 
switching transistor 721, a liquid crystal 722 and a stor- 
age capacitor 723. 

[01 83] According to the tenth embodiment, each pixel 
55 of the sub panel 373 includes a switching transistor 731 , 
a liquid crystal 732 and the storage capacitor 733. The 
storage capacitor 733 has a larger capacitance than the 
storage capacitor 723 of the main panel 372 to be ca- 
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pable of sufficiently holding a signal also when the scan- 
ning frequency for the sub panel 373 is reduced for 
lengthening the scanning period. According to the tenth 
embodiment, the sub panel 373 is formed by a reflective 
panel and hence reflective electrodes (not shown) con- 
stituting display pixel regions 730 are formed to cover 
the switching transistors 731 and the storage capacitors 
733. Also when the storage capacitors 733 are largely 
formed, therefore, the display pixel regions 730 are not 
reduced In size. 

[0184] According to the tenth embodiment, the main 
panel 372 and the sub panel 373 are subjected to com- 
mon electrode AC driving, similarly to the seventh em- 
bodiment. 

[0185] According to the tenth embodiment, the sub 
panel 373 is also subjected to common electrode AC 
driving and displays analog video signals, and hence a 
negative voltage must be applied to each gate line of 
the sub panel 373 similarly to the main panel 373. 
[0186] The intemal structure of and a driving method 
for the V shift register 374 of the liquid crystal display 
according to the tenth embodiment are basically differ- 
ent to the internal structure of and the driving method 
for the V shift register 304 according to the seventh em- 
bodiment described with reference to Figs. 13 and 18 
except the frequency for scanning the sub panel 373, 
and hence redundant description is omitted. 
[01 87] According to the tenth embodiment, as herein- 
above described, the storage capacitors 733 having the 
large capacitance capable of sufficiently holding video 
signals in a period up to subsequent scanning also when 
the scanning frequency for the sub panel 373 is reduced 
for lengthening the rewrite cycle for the sub panel 373 
are so provided that flicker or ununiformity on display 
can be inhibited. Thus, the scanning frequency for the 
sub panel 373 can be easily rendered smaller than that 
for the main panel 372. In this case, the storage capac- 
itors 733 of the sub panel 373 preferably have a capac- 
itance of at least three times that of the storage capac- 
itors 723 of the main panel 372. The storage capacitors 
733 of the sub panel 373 having a capacitance of about 
three to four times the capacitance of the storage ca- 
pacitors 723 of the main panel 372 can be easily formed 
in consideration of the layout of the sub panel 203. In 
this case, the display on the sub panel 373 is preferably 
rewritten at a frequency (about 1 5 Hz to about 20 Hz) of 
about 15 to 20 times per second. 
[0188] Effects of the tenth embodiment attained by 
the same structure or method as that In any of the sev- 
enth to ninth embodiments are similar to those of any of 
the aforementioned seventh to ninth embodiments. 
[0189] Although the present invention has been de- 
scribed and illustrated in detail, it is cleariy understood 
that the same is by way of illustration and example only 
and is not to be taken by way of limitation, the spirit and 
scope of the present invention being limited only by the 
terms of the appended claims. 
[0190] For example, while each of the above embod- 



iments has been described with reference to a liquid 
crystal display for a portable telephone Including two liq- 
uid-crystal display panels, i.e.. a main panel and a sub 
panel, the present Invention is not restricted to this but 
5 is also applicable to a display for a portable apparatus 
other than the portable telephone including a plurality of 
display panels or a display for an apparatus other than 
a portable apparatus. 

[0191] While the liquid crystal display includes two liq- 
uid crystal panels, i.e., the main panel and the sub panel 
in each of the aforementioned embodiments, the 
present invention is not restricted to this but is also ap- 
plicable to a liquid crystal display Including at least three 
display panels. 

[01 92] While the present invention Is applied to a dis- 
play including liquid crystal display panels in each of the 
aforementioned embodiments, the present invention is 
not restricted to this but Is also applicable to a display 
including self-luminous elements such as EL display 
panels. When the present invention is applied to EL dis- 
play panels, a main panel and a sub panel may be 
formed by top emission panel and a bottom emission 
panel respectively, for example. 
[0193] While an LED is employed in the modification 
of the first embodiment shown In Fig. 3 in place of the 
cold cathode fluorescent tube 31 according to the first 
embodiment shown in Fig. 2, the present invention is 
not restricted to this but an LED light source such as that 
shown in Fig. 3 may alternatively be employed in place 
of the backlight unit 80 or 1 1 0 Including the cold cathode 
fluorescent tube 80a or 111 in the second or third em- 
bodiment shown in Fig. 4 or 5. 
[0194] While the drain lines are rendered common to 
the main panel and the sub panel in each of the afore- 
mentioned embodiments, the present Invention Is not 
restricted to this but the gate lines may altematlvety be 
rendered common to the main panel and the sub panel. 
In this case, the main panel and the sub panel may be 
arranged along the longitudinal direction of the gate 
lines. 

[0195] While the main panel and the sub panel share 
both of the V shift register and the H shift register in each 
of the aforementioned embodiments, the present inven- 
tion is not restricted to this but the main panel and the 
sub panel may alternatively share only either the V shift 
register or the H shift register. 
[0196] While the storage capacitor is connected to 
each pixel of the sub panel for holding data for a con- 
stant period in each of the aforementioned embodi- 
ments, the present invention is not restricted to this but 
each pixel of the sub panel may altematively store an 
SRAM (static random access memory) for holding data 
for a constant period. 

[0197] While the clock generation circuit 308, the 
black/white voltage generation circuit 310 and the step- 
up circuit 309 are provided on the glass substrate 301 
in each of the aforementioned seventh to ninth embod- 
iments, the present invention Is no restricted to this but 
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these circuits 308 to 310 may alternatively be provided 
outside the panels 302 and 303 or 362 and 363. 
[0198] While the main panel and the sub panel share 
the V shift register and the H shift register in each of the 
aforementioned embodiments, the present invention Is 
not restricted to this but V shift registers and H shift reg- 
isters may alternatively be provided for the main panel 
and the sub panel independently of each other. In this 
case, different dedicated clock signals can be input in 
the V shift register and the H shift register for the main 
panel and in the V shift register and the H shift register 
for the sub panel respectively, whereby the clock signals 
input in the V shift register and the H shift register for 
the main panel can be rendered slower than those input 
in the V shift register and the H shift register for the sub 
panel, for example. In this case, the scanning frequen- 
cies for the main panel and the sub panel can be made 
different from each other without shutting down outputs 
of the sub panel by the ENB signals In scanning. 
[0199] While the scanning frequency for the sub panel 
Is rendered smaller than that for the main panel in each 
of the aforementioned embodiments, the present inven- 
tion is not restricted to this but the scanning frequency 
for the sub panel may alternatively be rendered larger 
than that for the main panel. 

[0200] While the ENB signals are employed for shut- 
ting down outputs to the gate lines corresponding to the 
main panel and scanning of the gate lines correspond- 
ing to the sub panel is output only once in a plurality of 
times (about once per second) when only the sub panel 
is used in each of the aforementioned embodiments, the 
present invention is not restricted to this but outputs to 
the gate lines corresponding to the main panel may be 
shut down through ENB signals while reducing frequen- 
cies of vertical and horizontal clock signals VCLK and 
HCLK supplied to the sub panel when only the sub panel 
Is used thereby reducing the scanning frequency for the ' 
sub panel. 



Claims 

1 . A display comprising: 

a first display panel (1, 51, 81. 161. 202. 252, 
302, 362, 372) formed on a substrate (11, 61 , 
91, 121, 22, 72. 102, 132, 201, 251, 301, 351, 
361,371); and 

a second display panel (2, 52, 82, 162, 203, 
253, 303, 363, 373) formed on the same said 
substrate in a region different from the region 
formed with said first display panel. 

2. The display according to claim 1 , wherein 

said first display panel includes either a trans- 
mission display panel or a semi-transmission dis- 
play panel (1 , 51 . 81 , 1 61 , 202, 252, 302. 362, 372), 
and 



said second display panel includes a reflec- 
tion display panel (2. 52, 82, 162, 203, 253, 303, 
363, 373). 

s 3. The display according to claim 2, wherein 

said first display panel includes a main display 
panel (1 , 51 , 81 , 1 61 , 202, 252, 302, 362, 372). and 
said second display panel includes an auxil- 
iary display panel (2. 52. 82, 162, 203, 253, 303, 
10 363. 373). 

4. The display according to claim 1 , wherein 

said substrate includes a first substrate(ll) 
formed with a pixel electrode, 
15 said display further comprises a second sub- 

strate(22) anranged to be opposite to said first sub- 
strate, 

display on said first display panel(1 ) is ob- 
served from the side of said first substrate, and 
^0 display on said second display panel(2) Is ob- 

served from the side of said second substrate. 

5. The display according to claim 4, wherein 

said second display panel(2) includes: 

25 

a reflecting electrode(20) formed on said first 
substrate to constitute said pixel electrode, and 
a transparent electrode(24b) formed on said 
second substrate to constitute a counter elec- 
30 trode. 

6. The display according to claim 1 , wherein 

said substrate includes a first substrate(61 . 
91 ) formed with a pixel electrode, 
35 said display further comprises a second sub- 

strate(72, 102) arranged to be opposite to said first 
substrate, 

display on said first display panel(51, 81) is 
observed from the side of said second substrate, 
40 and 

display on said second display panel(52, 82) 
is observed from the side of said first substrate. 

7. The display according to claim 6, wherein 

4S said second display panel(52, 82) Includes: 

a transparent electrode(69, 100) fornied on 
said first substrate to constitute said pixel elec- 
trode, and 

50 a reflecting film(71 , 107) formed on said second 

substrate separately from a counter electrode. 

8. The display according to claim 7, wherein 

said reflecting film(1 07) is fomied on a surface 
55 of said second substrate opposed to said first sub- 
strate. 

9. The display according to claim 1 . wherein 
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said substrate includes a first substrate(121) 
formed with a pixel electrode, . 

said display further comprises a second sub- 
strate(1 32) arranged to be opposite to said first sub- 
strate, 6 

both of display on said first display panel(1 61 ) 
and display on said second display panel(162) are 
observed from the side of said second substrate, 
and 

said second display panel includes a first re- io 
fleeting electrode(129b) fomried on said first sub> 
strata to constitute said pixel electrode. 



15. The display according to claim 14, further compris- 
ing a level shlfter(205, 255, 305, 365) arranged on 
a portion con-esponding to said first display panel 
for converting the voltage level of a signal supplied 
to said gate line of said first display panel. 

16. The display according to claim 14, further compris- 
ing an output shutdown circuit(241 , 242, 341, 342) 
shutting down an output from either said portion of 
said first shift register corresponding to said first dis- 
play panel or said portion con-esponding to said 
second display panel. 



10. The display according to claim 9, wherein 

said first display panel(161) includes a sec- is 
ond reflecting electrode(129a) formed on said first 
substrate, and 

said first reflecting electrode and said second 
reflecting electrode consist of the same layer. 

20 

11. The display according to claim 1. wherein 

said substrate includes a first substrate(11, 
61 , 91 , 121 ) formed with a pixel electrode, 

said display further comprises a second sub- 
strate(22. 72, 102, 132) arranged to be opposite to 25 
said first substrate, 

said first display panel(1,'51, 81, 161) in- 
cludes a first counter electrode(24a. 74a, 104a, 
134a), 

said second display panel(2, 52, 82, 162) in- 30 
eludes a second counter electrode(24b, 74b, 104b, 
134b), and 

said first counter electrode and said second 
counter electrode are formed to be electrically iso- 
lated from each other. 35 

12. The display according to claim 1 , further comprising 
a shift register (204, 206, 254, 256. 304, 306. 364. 
366, 374, 376) shared by said first display panel 
(202, 252, 302, 362, 372) and said second display 40 
panel(203, 253, 303, 363, 373), 

13. The display according to claim 12, wherein 

said shift register shared by said first display 
panel and said second display panel includes: ^5 

a first shift register(204, 254. 304, 364, 374) for 
driving a gate line of said first display panel and 
a gate line of said second display panel, and 
a second shift register(206, 256, 306, 366, 376) so 
for driving a drain line of said first display panel 
and a drain line of said second display panel. 

14. The display according to claim 13, wherein 

said first display panel(202, 252, 302, 362, ss 
372) and said second display panel{203, 253, 303, 
363. 373) are an-anged along the longitudinal direc- 
tions of said drain lines. 



17. The display according to claim 13, wherein 

either said gate lines or said drain lines are 
rendered common to said first display panel(202, 
252, 302. 362, 372) and said second display panel 
(203, 253. 303. 363. 373). 

18. The display according to claim 17, wherein 

said first display panel and said second dis- 
play panel are an^nged along the longitudinal di- 
rections of said drain lines, and 

said drain lines continuously extend from said 
first display panel to said second display panel. 

19. The display according to claim 14, wherein 

said second shift register driving said drain 
lines is arranged between said first display panel 
(252) and said second display panel(253). 

20. The display according to claim 1 , further comprising 
a drain line and a gate line arranged to intersect with 
each other, wherein 

either said drain line or said gate line contin- 
uously extends from said first display panel(202, 
252, 302. 362. 372) to said second display panel 
(203. 253. 303. 363. 373). 

21. A display comprising: 

a first display panel(202, 252, 302. 362, 372) 
fonmed on a substrate(201 , 251 , 301 , 351 , 361 , 
371); 

a second display panel(203, 253, 303, 363, 
373) formed on the same said substrate in a 
region different from the region formed with 
said first display panel; and 
a shift register(204, 206, 254, 256, 304, 306, 
364, 366, 374, 376) shared by said first display 
panel and said second display panel. 

22. A display comprising: 

a first display panel(202. 252. 302. 362, 372) 
formed on a substrate(201 . 251 . 301 , 351 , 361 , 
371); 

a second display panel(203, 253, 303, 363, 
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373) formed on the same said substrate in a 
region different from the region formed with 
said first display panel; and 
a drain line and a gate line arranged to intersect 
with each other, wherein 
either said drain line or said gate line continu- 
ously extends from said first display panel to 
said second display panel. 

23. The display according to claim 1, further compris- 
ing: 

a drain line and a gate line an^anged on said 
substrate to intersect with each other, and 
a static memory(332) built in said second dis- 
play panel for holding a signal from said drain 
line in response to a signal input from said gate 
line. 



cuit when said second display panel is used 
while said static memory of said second display 
panel holds said signal. 

5 28. The display according to claim 23. further compris- 
ing: 

a level shifter(305) for converting the voltage 
level of a signal supplied to said gate line of said 
first display panel, 

a negative voltage generation circuit(352) 
formed on said substrate for generating a neg- 
ative voltage supplied to said level shifter, and 
a negative voltage supply shutdown circuit 
(353) for shutting down supply of said negative 
voltage from said negative voltage generation 
circuit to said level shifter when said second 
display panel is used. 
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20 29. A display comprising: 



24. The display according to claim 23, further compris- 
ing a signal selection circuit(333) selecting a digital 
video signal supplied to a pixel in response to a sig- 
nal from said static memory. 

25. The display according to claim 23, wherein 

said first display panel includes a plurality of 
pixels (330), arranged in the form of a matrix, sup- 
plied with an analog video signal from said drain line 
in response to said signal input from said gate line. 

26. The display according to claim 23, further compris- 
ing: 

a signal line driving circuit(304. 306, 364, 366. 
374, 376) for driving said drain line and said 
gate line, and 

a power/signal supply shutdown circuit(314) for 
shutting down supply of power and a driving 
signal to said signal line driving circuit when 
said second display panel Is used while said 
static memory of said second display panel 
holds said signal. 



a first display panel(302) formed on a substrate 

(301): 

a second display panel(303) fomied on the 
same said substrate in a region different from 
the region formed with said first display panel; 
a drain line and a gate line arranged on said 
substrate to intersect with each other; and 
a static memory(332) built in said second dis- 
play panel for holding a signal from said drain 
line in response to a signal input from said gate 
line. 

30. The display according to claim 1 , wherein 

a signal is scanned at a first scanning frequen- 
cy on said first display panel(302, 362, 372), and 

a signal is scanned at a second scanning fre- 
quency different from said first scanning frequency 
on said second display panel(303, 363, 373). 

31. The display according to claim 30, further compris- 
ing: 
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35 



a first shift register(304, 364, 374) for driving a 
^5 gate line of said first display panel and a gate 

line of said second display pane!, 
a second shift reglster(3Q6, 366, 376) for driv- 
ing a drain line of said first display panel and a 
drain line of said second display, and 
50 an output shutdown circuit(341. 342) shutting 

down an output firom either a portion of said first 
shift register corresponding to said first display 
panel or another portion corresponding to said 
second display panel. 



27. The display according to claim 26, further compris- 
ing: 

a first power supply circuit(312) for supplying 
power to said signal line driving circuit, 
a second display panel driving circuit(310) for 
driving said second display panel, and 
a second power supply circuit(31 5) for supply- 
ing power to said second display panel driving 
circuit, wherein 

said power/signal supply shutdown circuit 
shuts down supply of power from said first pow- 
er supply circuit to said signal line driving circuit 
and said second power supply circuit supplies 
power to said second display panel driving cir- 



32. The display according to claim 30, wherein 

said second scanning frequency is smaller 
than said first scanning frequency. 
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33. The display according to claim 32, wherein 

each pixel of said first display panel includes 
a first storage capacltor(723). and 

each pixel of said second display panel in- 
cludes a second storage capacltor(733) having a s 
larger capacitance value than said first storage ca- 
pacitor for a period scanned at said second scan- 
ning frequency. 

34. The display according to claim 30, further compris- 
ing a drain line and a gate line arranged on said sub- 
strate to intersect with each other, wherein 

said second display panel includes a static 
memory(332) for holding a signal from said drain 
line in response to a signal input from said gate line, is 

35. The display according to claim 30, further compris- 
ing a drain line and a gate line arranged on said sub- 
strate to intersect with each other, wherein 

said second display panel includes a dynamic 20 
memory(633) for holding a signal from said drain 
line in response to a signal input from said gate line. 

36. A display comprising: 

25 

a first display panel(302, 362, 372) formed on 
a substrate(301 , 351 , 361 , 371 ) so that a signal 
is scanned at a first scanning frequency; and 
a second display panel(303. 363. 373) fomied 
on the same said substrate in a region different 30 
from the region formed with said first display 
panel so that a signal Is scanned at a second 
scanning frequency different from said first 
scanning frequency. 

35 
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